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Results of this engineering economic evaluation in­
dicate that the Gochico Project is not an acceptable mining 
investment for Industrias Penoles S.A. An economic analysis 
of the marketable commodities from the Gochico project was 
performed to ascertain the various revenue levels expected 
for the project.
A 100% equity participation by Penoles was considered 
in the evaluation. A cost of capital of 18% was utilized as 
the required or target rate for the investment decision 
using discounted project evaluation criteria. Capital and 
operating costs were developed in 1981 dollars.
A sensitivity analysis of the project with respect to 
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A combination of favorable circumstances is propelling 
Mexico from the ranks of the world1s "have not" nations into 
a position among the "have nations," These benefits have 
not yet been evenly distributed among Mexico*s rapidly 
growing population of 70 million, and chronic national 
problems of poverty and unemployment have not disappeared. 
However, there can be little doubt that between now and the 
end of the century, recently developed oil wealth in Mexico 
will fuel a period of economic expansion that will transform 
the face of the nation.
In his State of the Nation Report on September 1, 1980, 
President Jose Lopez Portillo observed that, "We are growing 
rapidly, and our present problems are no longer those of 
stagnation, much less of deterioration, but of accelerated 
development." At the forefront of this development is the 
Mexican oil industry, which between 1976 and 1980 rose from 
15th to 5th place among the world*s oil producers. Oil 
reserves, which have risen at an astronomic rate over the 
past five years, are now estimated at 60 billion bbl proven, 
38 billion bbl probable, and 250 billion bbl potential.
With this large petroleum base, a long period of sustained 
economic growth in Mexico seems not only imminent but
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inevitable.
As a supplier of raw materials to the Mexican economy, 
the nation*s mining industry also will participate in this 
economic growth. A rich resource base and a long mining 
history place Mexico among the top five world producers of 
14 minerals (first in silver, fluorspar, and celestite; 
second in graphite and bismuth; third in mercury and 
antimony; fourth in arsenic, selenium, sodium and sulphate; 
and fifth in sulphur, lead, zinc, and cadmium). A rising 
investment climate in the minerals industry should increase 
these production totals in the future. According to the 
Camara Minera de Mexico investment in exploration, new 
projects, expansions, and modernization programs at existing 
operations increased in 1980 to 17,610 million pesos ($800 
million), up from 9,523 million pesos ($433 million) in
1979. The production of metal and minerals achieved in 1979 
by the Mexican mining companies is shown in Table I.
Projects in progress will contribute new production 
throughout Mexico in the next three years.
As with Mexico as a whole, the problems of its mining 
industry are problems of progress, not stagnation. Rising 
rail traffic and equipment shortages have at times clogged 
the Mexican rail system, hampering delivery of raw materials 
to metallurgical plants and metal products therefrom.
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TABLE I 
PRODUCTION OF METALS AND 
MINERALS IN MEXICO, 1979. 
(Metric ton, otherwise specified)
Precious Metals
Gold ( K g ) ...................................... 5,911
Silver ( K g ) .............  1,536,772
Nonferrous Industrial Metals
L e a d .................    173,456
Copper ........................................  107,109
Zinc  .................... ...................  245,477
A n t i m o n y ....................  2,872
A r s e n i c ........................................  4,951
B i s muth...............    754
T i n ............................................  23
C adm i u m ........................................  1,776
S e l e n i u m ...................................... 75
T u n g s t e n ...................................... 252
M o l y b d e n u m ...................................  48
Source: Camara Minera de Mexico, Annual Report, 1980. 
Note: 1 Kg = 2.2046 Pounds.
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Skilled workers are also in short supply, and the mining 
industry must compete with other sectors of the expanding 
Mexican economy for engineers and trained employees.
However, the industry's numerous problems are outweighted by 
its potential. The mining industry in Mexico should 
experience a decade of solid progress in the 1980's and more 
of the same in the years beyond.
As a result of the 1961 law pertaining to exploitation 
of oil and gas, uranium, sulphur, potassium, and phosphate 
rock, these commodities are now the property of the govern­
ment. The 1961 law granted a 25-year grace period for mexi- 
canization; but, in fact, most companies in the mining in­
dustry were mexicanized within 10 years.
This history has produced a mining industry that now 
includes 100%-state-owned companies, mixed companies in 
which the government is the majority partner, mixed 
companies in which the government is the minority partner, 
and companies held 100% by private capital. United States, 
Canadian, and Japanese mining companies are among the 
foreign firms now holding minority interests in Mexican 
mining companies.
The activities and interests of Industrias Penoles S.A. 
(Penoles) extend over a broad range. Metal and mineral in­
terests include not only silver but also fluorspar, tung­
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sten, molybdenum, copper, lead, zinc, cadmium, and agricul­
tural chemicals. In addition, Penoles has financial invest­
ments in other mining companies in North America and abroad.
The company is one of the world*s major producers and 
marketers of fluorspar. Penoles has achieved over 30% 
growth in silver production in the last five years to meet 
increased demands from the various Mexican industries. In 
January, 1982 Penoles will begin a silver-lead-zinc opera­
tion to supplement smelting operations in its 100% owned 
smelter; this will permit the flexibility needed to meet 
changing market conditions. In November, 1981 Penoles 
closed operations at one of its major zinc mines. 
Consequently the firm has an understandable interest in 
developing new zinc projects as quickly as possible.
Penoles is presently holding exploration claims in two 
zinc properties in the states of Michoacan and Sonora. One 
of these properties is actually being developed and the 
other needs additional feasibility study. Thus, the objec­
tive of this study is to apply various engineering/economic 
principles to this particular property (the Gochico Project) 
and to demonstrate some of the financial analysis techniques 
associated with new mine ventures.
The subject matter which is discussed in this report 
includes: input parameters for the assessment of mine
feasibility, cost estimation, development of a cash flow
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model and subsequent economic analyses of the Gochico 
Project located in the state of Sonora and owned by 
Industrias Penoles S.A. This study is composed of seven 
parts or subdivisions:
1. Market Review. A review of the saleable mineral 
commodities is performed.
2. Description of the Project Area. Location, access 
and climate of the Gochico Project area is 
described.
3. Geology. The general geology of the deposit is 
illustrated and analyzed relative to mining condi­
tion.
4. Mining. An introduction and discussion of the 
suggested mining system is presented.
5. Metallurgy. A description of the metallurgical 
testing of the ores, design criteria incorporated, 
and a general description of the concentration 
process is presented.
6. Mine Yard. An overall picture of the infrastruc­
ture and general services required by the project 
is presented.
7. Economic Evaluation. Development of the basic pa­
rameters associated with the cash flow model and 
the results of the evaluation are presented.
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MARKET REVIEW
In an attempt to estimate the revenue component in a 
cash flow analysis, a review of the saleable mineral com­
modities associated with the Gochico Projsct is performed. 
The review is based on historic and published information 
and considers the future price of these commodities as a 
function of:
.1. Market supply for production capacities of exist­
ing and new projects.
2. Market demand, product consumption and development 
of new consumption centers.
It should be emphasized that the scope of this report is a 
preliminary economic evaluation of a mining property and not 
a thorough commodity market analysis. However, even a pre­
liminary economic analysis requires an assessment of com­
modity price levels and potential variations.
LEAD & ZINC THE FUTURE
The year 1980 has typified the changes occurring in the 
world’s lead and zinc industries. Differing rates of de­
velopment of both mine and metal production and consumption 
have emerged in various parts of the world. Zinc and lead 
prices are determined in international markets, but costs of
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production and fabrication are national and even local in 
nature. Changes in the relative values of currencies into 
which the international prices have to be converted affect 
the relative competitiveness and profitability of producers 
and fabricators in different areas of the world.
New zinc smelters are being built in mine-rich coun­
tries such as Mexico and Peru, both well situated to satisfy 
the needs of developing countries. At the same time smel­
ters in Europe, near centers of strong consumption, face 
increasing difficulties due to declining markets as a result 
of the business recession and have to pay more for imported 
concentrates which are in increasingly short supply. Con­
centrate stocks world-wide have been depleted in recent 
years during periods of low prices and are now believed to 
be at unusually low levels.
Lead refineries appear to suffer less in times of ad­
versity, but the structure of the lead industry is also 
changing with secondary material now providing over 40% of 
the total feed to refineries. However, supplies of sec­
ondary lead are also limited at current prices. It is worth 
noting that no new primary lead smelters have been built in 
the past decade and that expansion in primary lead produc­
tion has virtually all been in industrial countries where 
scrap is generated. About 60% of the world's silver is
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mined with lead and many lead mines have benefited from the 
boom in silver prices. On the other hand, the recent fall 
in the price of cadmium, a by-product of zinc, has reduced 
the income of zinc refineries. No less important are the 
structural changes occurring in the industries which are the 
main users of lead and zinc and the effects they are having 
on the consumption of lead and zinc.
For lead and zinc the most significant changes in con­
sumption in the 1980's will stem mainly from the require­
ments associated with the construction industries, the 
changing design and markets for automobiles, and the changes 
in design of domestic and other appliances associated with 
the silicon chip. While there are strong national 
influences on building construction, many of the basic 
materials for con-struction are international and thus can 
be developed and promoted internationally. Building 
construction is becoming more sophisticated and additional 
attention is being given to energy conservation, better in­
sulation and solar heating, and better control systems— all 
of which provide opportunities for extensive applications of 
lead and zinc.
The outlook for zinc protective coatings remains good 
with a growing emphasis on quality and long-lasting protec­
tion. However, automobiles are becoming lighter in order to
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reduce fuel consumption with the result that all metals in­
cluding zinc and lead are being used more sparingly in their 
construction. New die casting technology has helped to re­
tain uses of zinc even though the markets have fallen. Cur­
rent demands for longer rust-free life (sometimes to meet 
government requirements) could lead to a break-through in 
the use of galvanized coatings in European cars and a fur­
ther increase in the American automobile industry as well. 
Despite these hopeful signs, slower industrial growth 
world-wide seems inevitable for some years to come; hence 
slower growth is anticipated in lead and zinc consumption. 
The lead and zinc industries, like other metal industries, 
are now in a period of great change and their future pros­
perity will depend upon careful planning and perhaps a 
thorough reassessment of research and development.
Much needs to be done to improve the images of the lead 
and zinc industries. Although they are well known and 
closely controlled, lead has suffered unfairly from 
emotional attacks on possible environmental hazards. zinc 
lacks a modern image. It is a faceless metal in the eyes of 
the public even though it is well known to engineers and 
designers. New campaigns to promote the good qualities of 
zinc (e.g., its ability to prevent rust) will form the basis 
of national press campaigns in France and W. Germany later
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this year, an interesting new approach to zinc promotion 
(after the International Lead and Zinc Study Group, 1980). 
Two comparative tables showing the production and con­
sumption of lead and zinc by country are shown in Tables II 
and III.
SILVER
Indeed, 1980 was a remarkable year in which silver
posted an average price of $20.63/oz. (Handy & Harman)—
nearly double the average of 1979 and, of course, making one
wonder what is in store for 1981.
At the beginning of 1981, the leading market indicators 
suggested that silver prices should be on the moderate side 
with somewhat less volatility (Mining Annual Review 1981). 
Investor and speculative interest should continue to be 
dampened as long as high interest rates prevail. Industrial 
demand could conceivably weaken further if recessionary 
trends continue to persist. A continuation or further 
tightening of monetary policies in the U.S. would also 
contribute to this scenario.
During the last quarter of the year it is reasonable to 
assume that recovery of scrap through public channels will 
have all but dried up as a result of lower prices, thus cut­
ting back considerably on the over-abundance of silver real-
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TABLE II
ZINC - PRODUCTION AND CONSUMPTION 
SourceiMining Annual Review-1981
7. IN C  
(000 tonnes)
M in t' Production
PX'ROIM:
(M i'ta i content) 
1978 1979 1980
1.040 1.058 1,106
lielcium — — —
Denmark 82* 87* 92*
Finland 53 54 58
France 40 3 7 37
Germany I;.R. 121 117 121
Greece 26 23 24
Ireland , 176 205 223
Italy 74 66 59
Netherlands — — —
Norway 30 28 28
Portugal — — —
Spain 143 143 179
Sweden 167 175 167
United Kingdom 2 — 4
Yugoslavia 104 102 95
A F R IC A 264 237 270
South Africa 110 99 115
Zaire 83 73 67
Zambia 52 44 60
A M l-R IC A 2.469 2.409 2.310
Hra/il 56 64 67
C anada 1.245 1.204 1,058
Mcsico 254 254 239
Peru 457 491 488
United States 333 294 344
A S IA 469 407 381
Japan 275 243 238
O C F A N IA 4 34 487 463
Australia 434 487 46-3
T O T A L S 4.676 4.597 4.530
feta I Cons umption
Product ion (Rejined M eta l)
1978 1979 1980 1978 1979 1980
1.649 1.823 1,826 1,701. 1.703 1.710
234 253 246 140 139 157
___ — — 14 16 14
133 147 147 19 22 25
231 249 253 282 287 330
307 356 365 391 417 412
--- ___ ___ 17 21 20
* _ ___ ___ 4 4 4
17S 203 207 221 225 236
135 154 169 55 51 45
72 78 79 21 17 15_ _ 2 17 14 13
169 186 162 116 98 105
_ _ — — 39 41 38
74 77 87 248 239 181
95 99 85 65 66 70
191 179 189 148 158 164
79 75 81 72 78 86
44 44 44 — — —
42 38 33 1 1 —
1.252 1.439 1.270 1.495 1.493 1,285
56 64 78 124 124 138
495 580 592 145 154 132
172 160 145 79 83 88
63 6S 64 16 29 23
442 526 366 1.049 998 816
907 953 871 1.152 1.221 1.172
768 789 732 733 779 756
294 312 306 111 122 116
294 312 306 91 102 100
4.293 4.706 4.462 4.607 4.696 4.447
* l 'n * tn  ( •rrrrtl.inJ .V im w  International I .end and /.m e Study Group
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TABLE III
LEAD - PRODUCTION AND CONSUMPTION 
SourcesMining Annual Review -1981
LOAD  
(000 tonnes)
M ine  Production M eta l Consumption
IM e tu l content) Production (Rejined M eta l)
1978 1979 1980 197S 1979 1980 1978 1979 1980
E U R O P E 485 512 486 1.539 1.579 1,506 l.n36 1.663 1.647
Belgium — — — 104 92 106 56 58 59
Denmark 31“ 32“ 30* 26 30 25 21 30 25
France 33 30 29 208 220 219 212 211 212
Germ any F.R. 32 33 31 369 373 350 336 361 333
Greece 23 22 22 23 22 21 29 26 28
Ireland 47 69 58 5 7 7 7 7 7
Italy 30 27 24 116 126 134 251 25 S 275
Netherlands — — — 32 30 28 55 53 58
Spain 72 74 89 122 129 124 115 115 1 14
Sweden 82 84 72 45 41 39 IS
T> 20
United Kingdom ■> 2 2 346 368 325 336 333 296
Yugoslavia 124 130 121 117 111 102 95 84 105
A F R IC A 178 187 302 123 140 154 83 95 105
Morocco n o 1 16 124 2S 37 42 5 4 4
South Africa 3S 42 132 63 72 78 40 50 53
A M E R IC A 1.352 1.325 1.288 1.808 1.940 1.711 1.716 1.74S 1.375
Canada 366 342 297 194 252 231 65 120 104
Mexico 164 174 152 226 225 185 108 1 10 96
Peru 183 1S4 189 74 90 87 8 20 26
United States 542 537 564 1.188 1.226 1.079 1.399 1.34 1 1.010
A S IA 140 113 109 357 362 400 549 559 595
Japan 57 47 45 291 283 305 352 365 392
O C E A N IA 380 402 382 239 254 238 86 86 79
Australia 380 402 382 239 254 238 74 74 68
T O T A L S 2.535 2.540 2.576 4.066 4.276 4.009 4.070 4.151 3.801
* l :rom  ( ircvn lam l .Vtm nv. International I . m J  and Zinc  Study Cirnup
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ized during the early part of the year. It is possible that 
at about the same time one could see some impact of monetary 
policy mandated by the Reagan administration resulting in a 
generally stronger economy with silver playing an important 
role.
Another inducement to a stronger market could material­
ize if the commodity markets in the U.S. are allowed by the 
government to trade silver in contracts of 1,000 oz. rather 
than the existing 5,000-oz. contract —  thereby providing 
the possibility of greater speculative interest. Certainly 
it would seem obvious that any signs toward the latter part 
of the year indicating that inflation is not checked would 
most surely add fuel to higher silver prices in general.
In summary this picture would suggest a moderate price 
trend for silver with less volatility than witnessed in
1980. However, it must be kept in mind that two very impor­
tant ingredients have not been considered in this analysis. 
The possibility of predicting the psychology of the specu­
lator and, of course, the possibility of a major political 
crisis are variables which are virtually impossible to quan­
tify in an analysis of this type.
Table IV shows the 1979-1980 free world changes in sup­
ply and demand for silver.
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COPPER
In Table V the 1981 free world estimates for copper are 
given along with the 1980 forecast and 1980 actual produc­
tion for discussion purposes. If we observe, 1980 forecast 
in Table V an excess of 148,000 tonnes allowed for a loss of 
some 120,000 tonnes or so from the possibility of a U.S. 
strike, thus the forecast of the final balance was not un­
reasonable.
The estimate of mine production, however, was nearly 
10% in error. Nearly half of this resulted from the labor 
strike in the U.S. The remainder of the shortfall was due 
to the operation of new mines and extensions that were not 
anticipated, the disappointing recovery of output in Zambia 
(though Zaire came up to expectations), lower than expected 
output from Peru, plus dislocations and strikes in other 
countries. This is the usual story associated with this 
high risk industry and has led the estimate for 1981, which 
might reasonably have been put (in a fairly optimistic mood) 
at 6,600 tonnes, to be set at 6,400 tonnes.
Refined copper production for 1981 is estimated slight­
ly above last year and assumes that the full reduction in 
the U.S. due to the Montana closures will not be made up 
elsewhere.
Consumption is estimated at slightly below last year’s 








Mine production 6.633 6.019 6.400
Refined Production 7.296 7.077 7.188
Refined Consumption 7.210 7.272 7.193
Balance +86 -195 -5
East/toest trade (Net imports
into West) *40 +40 +40
Government stockpiles +22 +24 +8
Balance +148 -131 +43
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at least in the first half of this year. Many analyses are 
more pessimistic than this; however, 1980 was a depressed 
year and it is a common failure in a recession to underes­
timate the speed and extent of recovery. Even with this 
proviso, any worthwhile recovery before the last month or 
two of the year seems unlikely (1981 Mining Annual Review). 
The forecasted surplus of 43,000 tonnes (Table V) consists 
of a surplus in the first half of 1981 of about 47,000 
tonnes and a deficit in the second half of 4,000 tonnes. 
However, these figures are intended to do no more than 
indicate trends within the year.
Thus, the outlook is gloomy with little likelihood of 
any worthwhile or sustained increase in copper prices until 
the autumn of 1981. This is not to say that political in­
fluences will not push the three months wirebar price above 
75C/lb.? but sustained physical demand is certainly lacking 
and seems unlikely to appear for some months. When it does 
appear the comparatively low level of stocks will encourage 
the market, but this is unlikely to allow an annual average 
LME price for the year above last year's figure of 79C/lb. 
cash settlement.
Table VI shows mine production, consumption and stocks 




COPPER - MINE PRODUCTION, REFINED PRIMARY AND 
SECONDARY CONSUMPTION AND STOCKS OF REFINED COPPER.
M IN E  P R O D U C T IO N  
(in 'OCX) tonnes)
Europe
o f  which: 
Yugoslavia
Africa 





o f  which: 
Philippines
Americas 


















































R E F IN E D  P R IM A R Y  A N D  
S E C O N D A R Y  C O N S U M P T IO N  
(in *000 tonnes)
1978 1979 1980
Europe 2.752 2.833 2.840
o f  n h ich :
Bcieium 289 303 318
France 319 358 387
K.K.G. 780 794 759
Italv 344 352 395
U .K . 502 499 409
Africa 84 91 111
Asia 1.455 1.586 1.602
o f  which:
Japan 1.241 1.330 1.326
Americas 2.814 2.870 2.560
o f  which:
Canada 250 243 209
U.S.A. 2.193 2.168 1.860
Br37.il 1SI 229 245
Australia 116 129 130
Free World 7.222 7.509 7.244
Source: WHMS and IW CC
Note: Direct use.4 v.rap i. cclvuicU. 
Source: WBMS and IWCC*
STO C K S O F  R E F IN E D  CO PP ER  
(in '(XX) tonnes, end year)
1978 1979 1980
Producers:
U .S.A . 171 71 67
Canada 20 30 24
Japan 131 144 54
Others and in
transit 341) 340 320
l.M F 374 127 123
Comes 163 9(1 163
Consumers:
U.S.A. 9 1 69 72
I'.R.Ci. 69 5‘* 46
U .K . 44 32
France •!t> 69 57
Japan OO SI 90
Others MU 1 III 1 10
Merchants:
Japan 31 29 18
F.K.Ci. 6 9
U.S.A. 1 It) 30 50
St« s;s piles:
Japan * * 8
France 30 35 40
Total Free World 1.84 7 1.3 64 1.283
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PROJECT COMMODITY PRICES
Local markets are identified by Penoles in Puebla Pue., 
Saltillo Coah. and Chihuahua for all the commodities pro­
duced at Gochico Project. Sales agreements are established 
between Met-Mex Penoles smelter and the consumer. Sometimes 
Penoles is involved in situations in which profit maximi­
zation is sacrificed in order to diversify geographic mar­
kets and consumer economies. This is not the situation for 
the Gochico Project given that smelter-mine contracts have 
already been established. For the purposes of preliminary 
evaluations the following prices were considered in the 
smelter schedules.
Dlls/oz   Cts/lb_________________
YEAR SILVER LEAD ZINC COPPER CADMIUM
2-6 10.0 36.0 43.1 90.0 200.0
Thus, the following concentrate values are taken from the 






This assumes an overall concentration ratio of 5.16 tons of 
ore per ton of produced concentrate with the recoveries il­
lustrated on Table XIII in the Metallurgical section.
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DESCRIPTION AND LOCATION OF THE GOCHICO PROJECT AREA
LOCATION AND ACCESS
The area covered by the Gochico Project is located 280 
miles southeast of Hermosillo and 64 miles northeast of 
Navojoa in an area of broad, relatively flat-topped mountain 
ranges separated by deep gorges or barrancas.
Access by road is achieved through a combination of 
paved and non-paved roads which connect Navojoa, Alamos (the 
nearest town) and San Bernardo. (Figure 1.) Year-round 
access is provided by scheduled and chartered aircraft from 
Hermosillo and Navojoa; all other local travel is by foot or 
beast of burden.
CLIMATE
The regional climate at the project site is suitable 
for year-round operations and is classified as semi-desert 
with low relative humidity. Annual temperatures range from 
112°F during the summer to 32°F during the winter months.
There are two distinct rainy seasons. The first ranges 
from June to September and is characterized by storm-type 
rains. The second ranges from December to February and is 
characterized by light-to-moderate rains.













L O C A L IZ A T IO N  O F  G O C H IC O  P R O J E C T
Figure 1
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above sea level and the topographic relief is around 1000 
ft.
The city of Alamos has governmental services and com­
plete communication services, but the town of San Bernardo 
requires housing, schools, medical, recreation and shopping 
facilities. These will have to be provided by the operating 
company (Penoles).
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GEOLOGY OF THE GOCHICO PROJECT
The geology of the area is characterized by rocks which 
are Triassic to Tertiary in age, Cretaceous rocks are in­
truded by a Graniodoritic Batholite that is believed to be 
Laramidic in age.
Exploration in the area resulted in the discovery of a 
skarn-type deposit containing Ag, Zn, Pb, and Cu values.
This deposit consists of three skarn horizons that are 20 to 
66 ft. in thickness. These skarn mantos are concordant to 
the Cretaceous beds which are oriented east-west and dip 55° 
southward. Within the skarn beds, the potentially min­
eralized area is from 3 to 43 ft. thick, 2,798 ft. long and 
the deepest part known thus far is 328 ft. below the Arroyo 
del Taymuco bed (Figure 2).
There was intense post-ore faulting that produced lat­
eral displacements up to 164 ft. To date, three major fault 
systems have been identified:
a) N 20° - 45° W Dipping at 23° - 45° NE
b) N 5° - 20° E Dipping at 60° - 75° N-NE
c) N 70° - 85° W Dipping at 20° - 37° N-NE
Of these systems, the second one shows the largest displace­
ments.
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C respectively from north to south. A brief description of 
each manto follows.
MANTO A
This zone is the best defined thus far. It is approxi­
mately 1150 ft. long, 330 ft. deep and 5 to 46 ft. thick.
The mineralization consists of pyrrhotite and sphalerite 
with minor galena and chalcopyrite. Argentite and 
sphalerite are also present. Gange minerals are quartz, 
calcite and chlorite with minor amounts of garnet and 
pyrite.
MANTO B
This area of mineralization consists of a ferric-skarn 
bed that is 43 to 99 ft. thick, 1,130 ft. long and 300 ft. 
deep. The mineralization is in contact with a limestone on 
the foot-wall portion of the manto. The hanging-wall is 
bounded by a 13 to 20 ft. thick hornfel horizon. The miner­
alization is quite irregular and occurs as pockets, dissemi­
nated, or as very thin veins. Pyrrhotite and sphalerite are 
in minor concentrations compared to Manto A, although there 
is more chalcopyrite and covaltite. Bismuthinite is also 
present in small quantities.
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MANTO C
This zone consists of a 66-ft. thick skarn bed contain­
ing thin hornfel veins. Mineralogically it is similar to 
Manto B and the two are separated by the thick hornfel hori­
zon cited previously (see Figures 2 and 3).
GEOLOGIC RESERVES
The following criteria were used in determining ore 
reserves: (1) Assays were derived from mineralization found
in diamond drill cores. (2) Drilling was performed per­
pendicular to the stratification planes and drill cores were 
obtained on a 164-ft. grid. (3) Underground drilling is 
currently being conducted on a 82-ft. grid to check 
continuity of mineralization. (4) Tonnage calculations were 
determined using the polygonal method. (5) Calculations 
were performed for each manto, assuming the mineralized 
block was parallel to the stratification planes. (6) Ore 
density was determined to be 176 lb./cu.ft. based on 
weighing crushed material from all the mantos.
Proven Reserves - Proven reserves were calculated based on 
drill cores taken 82-ft. apart. Core assay values were 
verified by underground workings. These checks led to the 













Probable Reserves - Probable ore reserves were estimated 
using the 164-ft. spaced drill holes and some of the 82 ft. 
spaced holes.
Possible Reserves - Possible reserves were estimated using 
only 164-ft. spaced drill holes.
Results obtained from the ore reserve calculations are 
shown in Table VII. Additional reserves are quite possible 
with depth on the west side of the deposit, although the 
area has not been thoroughly tested by drilling.
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TABLE VII 
GOCHICO GEOLOGIC ORE RESERVES
PROVEN RESERVES
MANTO METRIC TONS WIDTH(ft) OZ/t AG %ZN %Pb % CU
A 406,300 21. 32 6.14 10.68 0. 51 0. 72
B 30,500 11.48 7.81 4. 45 0.89 0. 47
C 63,200 11. 81 3.86 6.83 0. 31 0. 92
500,000 14. 76 5.95 9.81 0. 51 0. 73
PROBABLE1 RESERVES
A 201,100 18.70 4. 41 9. 24 0. 42 0. 32
B 35,400 8. 20 3.05 6.49 0. 25 0. 71
C 64,500 11. 81 2. 64 5.91 0. 25 0. 32
301,000 12. 79 3.86 8. 20 0. 36 0. 37
TOTAL 801,000 ' 17.78 5.18 9. 20 0. 45 0. 59
POSSIBLE RESERVES
A 1,152,500 19. 68 5.69 10.58 0. 49 0. 59
B 108,000 10. 17 5.69 5.62 0. 58 0. 58
C 145,700 11. 81 3. 25 6. 36 0. 28 0. 62




Numerous steeply dipping, narrow vein deposits have 
been, and must continue to be, an important source of pre­
cious and base metals. Increasing consumption of these min­
eral products will continue due to two major factors: (1)
greater mineral use associated with continued world popula­
tion growth, and (2) increasing mineral requirements of in­
dustrializing underdeveloped countries. Because of increas­
ingly stringent environmental controls on surface opera­
tions, vein mining will continue to fill a portion of this 
mineral demand.
Coupled with this increased demand for minerals, costs 
for skilled labor and supplies have increased dramatically. 
Table VIII emphasizes the fact that while underground mining 
productivity is improving, labor and supply costs are in­
creasing at a far greater rate. This, in itself, makes it 
more difficult for vein mining operations to continue on a 
profitable basis. New mining methods are needed which will 
provide greater productivity in the confined space of an 
underground mine and also establish a more pleasant and 
safer working environment. Therefore, increased mech­
anization in vein mining requires a substantial improvement
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TABLE VIII
RELATIONSHIP OF INCREASING PRODUCTIVITY 









1950 8 .50 2.00




1975 16.00 6 .50
* From Wearly, W.L., "Technological Solutions to
Declining Productivity in Underground Mining" 
Mining Congress Journal, July, 1974.
** Advent of load-haul-dump equipment .
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in productivity per man shift to offset rising materials and 
labor costs. This increased production can be brought about 
by reducing the cyclic nature of underground mining and 
striving for a more continuous process.
Of the three major operations associated with producing 
mineral concentrates (mining, materials handling and ore 
processing), mining is the least predictable and efficient 
in terms of production tonnage per manshift. Mining or 
stoping productivity needs to be upgraded by implementing 
modifications to current methods, mechanizing current 
methods, and/or developing totally new stoping systems. It 
is therefore necessary to analyze existing stope-mining 
practices to identify production slowdowns encountered in 
working mines and to show how available, off-the-shelf 
equipment can be adapted to mechanization, thereby resulting 
in increased mine productivity.
Since Gochico ore bodies are steeply dipping and both 
the wall rock and the vein material are strong a discussion 
of the sublevel longhole stoping system is developed as a 
possible mining system of the Gochico ore bodies. Other 
practical vein mining systems as cut and fill and shrinkage 
stoping were considered but sublevel longhole resulted as 
the more viable given the physical characteristics of the 
ore body.
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DISCUSSION OF THE SUBLEVEL LONGHOLE STOPING SYSTEM 
General - Many planning factors can substantially alter the 
cost and profitability of sublevel longhole stoping. Five 
such planning variables and their influence on the economics 
of sublevel stoping are mentioned in this section. They 
includes (1) the distance between production slices and 
draw-points, (2) the number of developed slices, (3) access 
to the sublevels, (4) production capacity, and (5) the 
number of required ramps. For the purposes of this evalua­
tion, the costs cited herein are preliminary in nature.
There are two primary stages in sublevel stoping (SLS): 
(1) the ore body is developed into a number of horizontal 
slices by a network of sublevels, and (2) the horizontal 
slices are blasted and extracted sequentially. The initial 
development of the ore body provides a significant amount of 
ore production (normally 8 to 15% of the output) and estab­
lishes the proper conditions for continued extraction.
Sublevel stoping is performed by drilling and blasting 
the floor area of the sublevels. Normally a parallel pat­
tern of blast holes is used (Figure 4). The primary advan­
tage of this blasting pattern is that the spacing between 
holes remains constant, resulting in a more uniform fragmen­
tation of the blasted ore. The inclination of drill holes 
or rings is normally about 80° from the longitudinal axis of




the sublevel. When the ore slices are blasted, a certain 
amount of waste rock dilution (10%) must be expected from 
the caving hanging wall. The broken ore is then loaded from 
draw-points and hauled via ramps to the surface.
The amount of ore per blast is usually less than the 
capacity of loading equipment. Thus to guarantee smooth 
production, a minimum number of rounds must always be 
available for blasting and loading. Thus, production 
drilling is performed in a ratio of two drilled holes per 
one blasted hole.
PRODUCTION PLAN
For an analysis of SLS economics, the "Manto A" miner­
alized zone was selected for study. In-place mineralized 
ore grades are assumed to be: 9.2% Zn, 5.18 Oz/ton Ag,
0.45% Pb, and 0.59% Cu. These values were calculated con­
sidering waste rock dilution during extraction of 10%. The 
in-place density of the ore is 3.1 metric ton per cubic 
meter (176 lb./cu. ft.). In addition to the proven and 
probable reserves determined previously, there is a po­
tential of 1.4 million metric tonnes of possible reserves in 
Manto A.
Table IX shows the annual anticipated output and grade 




YEAR TONNAGE VEIN AG ZN PB CU
WIDTH,(ft) OZ/TON % * *
1982 l8 3 ,i)-00 21.39 5.85 9.8 O .65 O .38
1983 196,900 2 0 .6 7 7.07 11.^1 0.57 0 .8 3
1 9 8 ^ -8 6 180,000 13,78 5 .1 8 9.76 0.47 0.59
920,300(1)
1 ) To achieve the 1986 production; it is assumed that 119»300 
tons will be supplied from the possible reserve category.
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PRODUCTION PARAMETERS
The mine will be developed to provide for an average 
production rate of 180,000 metric tons per year during the 
first year of operation. For design purposes the production 
capacity will be 700 tons per day (t.p.d.) considering two 
operating shifts per day, 6 days a week and 300 days per 
year.
PHYSICAL CHARACTERISTICS OF THE ORE BODY
Open stope mining can be employed since the veins are 
steeply dipping and both the wall rock and the vein material 
are sufficiently strong to stand with only minimal ground 
support. The mining width in Manto A is from 20 ft. to 66 
ft. and in Mantos B and C the width ranges from 4 ft. to 40 
ft. The strike of the mantos is east-west with a 55° dip to 
the south.
Separation between the mantos is not constant. In 
fact, in some places the distinct mantos fade into one 
overall mass. Also, the mantos have been displaced as much 
as 15 m (50 ft.) by a faulting system (see Figures 5 and 6).
Manto A appears to be the most favorable for exploita­
tion purposes given its physical characteristics, continuity 
homogeneity and grade. Manto A has a strike length of ap­
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width of 20 ft. Consequently, preparation and development 
activities have been focused on the extraction of this 
manto.
MINE EQUIPMENT SELECTION
For evaluation purposes, a production rate of 700 met­
ric tons per day or 350 metric tons per shift is required.
Stoping - A wagon drill (with Atlas Copco BBC-100 F 
machines) has a drilling capacity of 262 ft. per shift, with 
a productivity of 4.4 tons of ore per meter drilled based on 
the drilling pattern selected. Therefore, to meet 350 met­
ric tons per shift, it will be necessary to drill 262 ft. of 
2 1/8-in. hole per shift.
Penoles has two such wagon drills available which will 
meet the needs of the drilling program. Therefore these 
units were selected for use on the project.
Loading - Time studies conducted at the Gochico Project 
indicated that one 2-cu. yd. scooptram is able to load 72 
metric tons per hour. Therefore, one scooptram was selected 
to meet the production requirements.
Hauling - The round trip from the underground production
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drawpoints to the mill consists of an average haul distance 
of 5,118 ft. with ramp grades of 12%. The ore will be 
hauled by 10-metric ton (heaped capacity) underground 
trucks. Based on time studies, the total cycle time is 33 
minutes or 1.8 round trips per hour. Needing an hourly pro­
duction of 18 metric tons, 4 units will be needed to meet 
the required production. Considering availability, spares, 
etc. an extra scooptram is required to cover loading and 
hauling needs.
Summaries of the development and preparation work to be 
performed during the first and second project years are 
shown in Tables X and XI respectively. Also, the develop­
ment cost summary rates are shown in Table XII.
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TABLE X
SUMMARY OF DEVELOPMENT AND PREPARATION WORK 
TO BE PERFORMED DURING THE FIRST PROJECT YEAR.
METERS FEET
Access level N 500* 3*40 1115
Extraction ramp 33*4 1095
Cross cut ramp-sublevels 220 721
Sublevels *490, *480 and *470 800 262*4
Cross cut ramp-hauling level N *460 85 278
Under cut vein N *460 320 10*49
Loading and hauling level 320 10*49
N *460 draw points-cross cuts 70 229
Raises level N *460-sublevels 270 885
Ventilation raises (raise bored) 297 97*
TOTAL 3,056 1 0 ,0 2 6
* N 500 means $00 level (above sea level).
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TABLE XI
SUMMARY OF DEVELOPMENT AND PREPARATION 
WORK TO BE PERFORMED DURING THE SECOND 
PROJECT YEAR
METERS FEET
Ramp level N 460-level N 420 344 1, 128
Cross cuts-ramp sublevels SN-450,440,430 95 311
Sublevels 450,440 and 430 540 1,771
Cross cut-hauling level N 420 30 98
Under cut vein N 420 120 393
Loading & hauling level 200 656
N 420 draw points-cross cuts 50 l6h
Raises level N .420-sublevels 180 590
1,54-9 5,082





SUBLEVEL LONGHOLE STOPING 
DEVELOPMENT COST SUMMARY RATES (JULY,1981)*
COST/ FT 
ADVANCE
1,- 8 ft x 9 ft Tracked Drift $ 137.55
2.- 10 ft x 10 ft Bald Track less Drift 99-91
3 .- 10 ft x 10 ft Cross Cut I 95-83
10 ft x 10 ft Cross Cut II (LHD) 8 0 .1 6
5.- 10 ft x 18 ft Sublevel 103.25
6 .- 7 ft x 7 ft Slot Raises 1 1 5 .^ 6
7 .- 13 ft x 7 ft Two-Compartment Raise 16U-. 15
8 .- 5 ft Diameter Bored Ore Pass 77.1^
* See Appendix B for details
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METALLURGY
As described previously, the Gochico Project contains 
three mineralized zones ("A", "B" and "C") referred to as 
mantos. The defined strategy for the mining system is to 
allow the extraction of Manto "A" which represents 80% of 
the proven reserves and the extraction of the Mantos "B" and 
"C" subsequently.
Manto "A1 contains higher silver, lead and zinc values 
than Mantos "B" and "C" but less copper. For this reason, 
the emphasis of the metallurgical investigation was aimed at 
Manto "A" samples first. Subsequently, composite samples 
from Mantos "B” and "C" were tested and finally a third com­
posite suite of samples from Mantos "A", "B” and "C" were 
analyzed.
After defining the metallurgical parameters for flota­
tion testing at the laboratory level, it was decided to con­
tinue the testing of approximately 300 metric tons of miner­
alized rock represented by a 50% mix of Manto "A" material 
and the remainder from Mantos "b " and "C". The basic objec­
tives of this testing were the determination of: (1) metal­
lurgical parameters, (2) material balance, (3) flow sheet 
pattern, and (4) the basic mill design for the Gochico 
Project mineralization. Table XIII shows the anticipated 
mill recovery for Gochico ores. In summary, laboratory and
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TABLE XIII
MILL RECOVERY FOR GOCHICO ORES*
_________LABORATORY___________
MANTO MANTOS MANTO
A B & C A & B,C
Pb-CU 74.5% 73% 78%
Zn 86% 83.5% 80.5%








pilot plant testing showed that no significant variation was 
discovered in the metallurgical recoveries associated with 
ore entirely from Manto A or when combined with ores from 
Mantos B and C. Also, there was no significant variation in 
recoveries for ores entirely from Mantos B and C.
This data was obtained from the metallurgical balances 
derived from pilot and laboratory testing. Also, in spite 
of the higher content of silver in Manto A the recovery is 
higher in Mantos B and C. Manto A has more iron content 
than Mantos B and C (see Table XIV).
PROCESSING PLANT GENERAL DESIGN CRITERIA
The concentrator will have three crushing steps to 
reduce ore from mine stopes at -20" to 100% at -3/8".
The coarse ore bin must be designed to bear the weight 
of a grizzly with a bar spacing of 20 inches over which the 
10-metric ton underground trucks will dump.
Grinding and flotation circuits will complete the con­
centration process. Flotation and grinding sections must 
process 180,000 metric tons of dry ore per year considering 
the 350 operative days. The operation program utilized for 
design and cost estimation purposes of the crushing, 
grinding and flotation sections considers an estimated 
availability of the sections in hours per day as well as
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TABLE XIV
CHEMICAL QUANTITATIVE ANALYSIS OF THE GOCHICO PROJECT 
MINERALS TESTED IN LABORATORY AND PILOT PLANT.
ELEMENT ________ LABORATORY  PILOT PLANT
MANTO A MANTOS B&C MANTO A MANTOS ]
Au, g/t 0 0 0 0
Ag, &/t 275 l*+7 383 216
Ag, troz/t 8 .8^2 l*.727 12.315 6.9^5
Pb, % 105 029 1.15 0.59
Zn, ft 10 .30 5*37 9.69 2.93
Cuf % 0 .1*1 0 .76 0.70 0 .9 2
Fe, % 2 6 .7 0 13.21 25 .00 10.56
PbO, fo 0 .1 2 0.18 0 .12 0.08
ZnOf fo 0.08 0.07 0.18 0.08
Cd, % - - 0.11 0.03
o o ■U - - 0 .0 1 0.01
As, % - - 1.31 -
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL o< MINES 
GOLDEN, COLORADO 80401
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capacity factors of the equipment; a summary of this opera­
tion program is shown as follows:
GOCHICO MILL OPERATION PROGRAM
SHIFTS DAYS AVAILABILITY NOMINAL 
PER PER HOURS CAPACITY
SECTION DAY WEEK PER DAY SHORT TONS
Crushing 2 6 12 48
Grinding 3 7 24 23
& Flotation
Primary Crusher - The primary crusher will be a jaw crusher 
fed with minus 20-in. material with reduction to a nominal 
size of 5 in. A vibrating feeder with grizzly bars at 5 in. 
of opening will have a nominal capacity of 48 short tons per 
hour.
Secondary Crusher - The secondary crusher will be a cone 
crusher fed with material as large as 9 in. Operating in an 
open circuit with an adjusted discharge of 3/4 in., it will 
have a nominal capacity of 45 short tons per hour.
Tertiary Crusher - The tertiary crusher will be a short-head 
cone crusher fed with material as large as 3 in. Operating 
in a closed circuit with two vibrating screens, it will have 
a nominal capacity of 45 short tons per hour. Discharge 
will be 100% at -3/8 in.
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Screens - The screens will operate in a closed circuit with 
the tertiary crusher; with a mesh opening of 3/8 in., they 
will have a nominal capacity of 45 short tons per hour, 100% 
at -3/8 in. or 96 metric tons per hour of feeding capacity.
Fine Ore Storage - The fine ore bins will have a capacity of 
1,000 m.t. Ore volumetric weight is 1.7 metric ton per cu­
bic meter.
Grinding Section - A single ball mill will be working in 
closed circuit with a set of cyclones. Discharge of the
mill will flow to a sump with two Srl-C pumps. Specific
equipment and specifications on operating practices are as 
follows:
Mill nominal capacity: 23 short tons per hour
Mill feed size: 100% - 3/8 in.
Mill discharge: 23 short tons per hour solids with 75%
solids by weight 
Cyclone overflow: 80% - 68 microns or 96% - 150
microns
Specific gravity dry solids: 2.92
Overflow pulp volume: 600 G.P.M.
Mill type: balls with axial discharge, fed with spout,
sycronic is required.
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Cyclones: arranged in sets of four, underflow returned
by gravity, each cyclone will have indepen­
dent feed valves.
Pumps: each mill pump will be coupled to operate in
stand-by.
Flotation Section - A flow diagram of the Gochico Project 
processing plant is provided as reference in Figure No. 7 
along with a description of the machinery and equipment re­
quired by the process.
Concentrates from Pb-Cu cleaners and overflow from 
scavenger cells must go to the mill discharge sump for the 
purpose of saving water and regrind any unliberated values.
The zinc primary cells (rougher) and scavenger cells 
must have a side slope-double channel to give more flexi­
bility to the pulp distribution. A conditioner tank will be 
utilized to collect the discharge from the second zinc 
cleaners and another one to collect the tails from Pb-Cu 
flotation and receive some lime as a reagent. The first and 
second zinc cleaner cells must have a double channel but 
with inverted slopes, because of their sole purpose of 
cleaning. The Pb-Cu separation cells and Cu cleaner cells 
must also have a double channel with inverted slope.
From the point of view of water recovery, the overflow
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from Pb and Cu thickeners must not be recirculated because 
of the potassium dichromate (lead depressor). Because 
chromium is a health hazard, an independent tailings dam 
will be constructed for this material. Recovery of water 
will be performed through a thickener-cyclone system applied 
to the final tails. In addition, a residual water collec­
tion system will be installed in the tailings dam.
PROCESSING
The ore coming from mine stopes with a maximum size of 
20 in. will be deposited into an open reception bin with a 
capacity of 68 short tons. From there the ore will be with­
drawn through a 15-in. x 42-in. vibrating feeder provided 
with a 5-in. wide opening grizzly to feed a 24-in. x 36-in. 
jaw crusher. The crusher discharge, jointly with the 
grizzly undersize, will drop to a conveyor serving a 545 
short tons bin. From this bin, through a 18-in. x 60-in. 
vibrating feeder, the ore will be conveyed to a 4-ft. 
standard head cone crusher where the ore will be reduced to 
-1 in. The discharge from the crusher will be conveyed to 
two 5-in. x 20-in. double deck screens in parallel, the 
upper deck opening will be 1 in. and the other 3/8 in.
Screen undersize will be deposited by conveyor in two 
silos with a capacity of 545 short tons each for fine ore
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storage. Screen oversize will be fed by conveyor to a 4-ft. 
short-head cone crusher to get a -3/8 in. product. The dis­
charge will join the standard head cone crusher discharge so 
that the circuit will be closed. From the silos through a 
variable velocity conveyor, a second conveyor will be fed. 
This conveyor will be furnished with an integrable 
weightometer for metallurgical control purposes. With 100% 
minus 3/8-in. product, this conveyor will feed a 9-ft. 
diameter x 22-ft. long ball mill where grinding starts.
Cyclone overflow will proceed to the flotation circuit 
and underflow will operate in closed circuit with the ball 
mill. Overflow from cyclones will be combined and will flow 
to a 8-ft. x 8-ft. conditioner tank for Pb-Cu conditioning; 
from there, it will flow to a row of ten DR-24 primary Pb-Cu 
flotation cells. Froth from this set will flow to a row of 
four Sub-A24 cleaning Pb-Cu flotation cells and tailings 
will be discharged into a sump with an SRL 2^-in. pump where 
it will be recirculated to the 8-in. x 6-in. grinding 
circuit pump for later flotation.
Froth from the Pb-Cu cleaning set will flow to a row of 
four Sub-A24 separation Pb-Cu flotation cells. Tailings 
from this set, which will be the Pb concentrate, will flow 
to a 12-ft. dia. x 10-ft. high thickener. Froth from the 
Pb-Cu separation set will flow to a row of four Sub-A24
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cleaning flotation cells. Tailings from this set will be 
circulated to the Pb-Cu separation set and the froth, which 
is the Cu concentrate, will flow to a 12-ft. dia. x 10-ft. 
high thickener. Tailings from the primary Pb-Cu flotation 
will flow to a row of eight DR-24 scavenger Pb-Cu flotation 
cells, where the froth will join with the Pb-Cu cleaning 
tailings to be recirculated in the grinding circuit.
Tailings from the Pb-Cu scavenger will flow to a 6-ft. dia. 
x 6-ft. high conditioner tank whose discharge will flow to 
another 8-ft. x 8-ft. conditioner tank for Zn conditioning.
The discharge from this conditioner tank will flow to a 
collection box and then pumped by an SRL 5-in. x 4-in. pump 
to a row of six DR-30 primary (rougher) Zn flotation cells. 
Froth from this set will flow to a row of four Sub-A24 first 
cleaning cells. Tailings from this cleaning will flow to 
the 8-ft. x 8-ft. conditioner tank to be recirculated. The 
froth flows to a row of four Sub-A24 second cleaning flota­
tion cells; the tailings from this second cleaning will flow 
to the 8-ft. x 8-ft. conditioner tank to be recirculated. 
Froth from this set, which will be the zinc concentrate, 
will flow to a 30-ft. dia. x 10-ft. high thickener.
Tailings from the zinc primary flotation will flow to a row 
of six DR-30 zinc cleaner scavenger cells. Froth from this 
set will flow to the 8-ft. x 8-ft. conditioner tank to be
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recirculated in the zinc circuit. Tailings are finally 
pumped to a cluster of cyclones for classification; 
underflow sands will be sent to the tailings pond and 
overflow slimes will flow to a 60-ft. dia. thickener for 
water recovery and then to the tailings pond. Water from 
the thickener is pumped to a tank for later recirculation in 
the processing.
Filtration water from the tailings pond will be 
deposited into a captation box to be pumped to the 
recirculation water tank; it is estimated 40% of water 
recovery from the final tailings will be achieved.
Final concentrates from the thickeners will be pumped 
to a 6-ft. dia. x 10-ft. long drum filter for the Pb 
concentrate and a 4-ft. dia. x 4-ft. long drum filter for 
the Cu concentrate. Dried concentrates will be conveyed to 
a loading area where they will either be loaded directly 
into trucks for the trip to the smelter or temporarily 
stockpiled.
A flow diagram describing the Gochico Project 
processing plant is shown in Figure 7; the numbers cor­
respond to a description of the machinery and equipment list 
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INFRASTRUCTURE AND GENERAL SERVICES
WATER SUPPLY
The minimum quantity of water required by the 600 
m. t.p.d. processing plant without considering water recovery 
is 5.49 gal/sec. This results from the fact that each 
processed ton of ore will require 3 cubic meters of water, 
and thus the quantity of water is 600 x 3 = 1800 c.m./day or 
5.49 gal/sec. Included in the processing plant is a 60-ft. 
diameter tailings thickener to recover some water. The 
order of magnitude for water recovery with this unit is 30 
to 40% of the initial quantity fed into the plant.
Therefore, considering a 30% recovery, the minimum water 
quantity required is 3.9 gal/sec. However, as a safety 
measure, the pump equipment is designed for the total 
quantity of 5.49 gal/sec regardless of water recovery.
Supply Site - The water resource site is an underground 
stream called "Los Banos" located about 4 km in a straignt 
line to the southeast from the Gochico Project. A pipeline 
will have to be constructed over a distance of 13,120 ft. in 
order to deliver water to the Gochico Project. Since the 
water source is geographically higher than the Gochico 
Project, the water can be transferred by gravity to a point
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whose altitude above the project site is 10 ft. and 30 ft. 
distance from the proposed mine site.
A general storage distribution tank will be located at 
an elevation of 2044 ft. above sea level and a pump station 
will be reuqired to transfer the water to the project site 
with a static head of 404-ft. over a pipeline length of 
1397 ft.
Reports of water expelled from the "Los Banos" source 
have indicated quantities as low as 0.26 gal/sec. For this 
reason, investigations are underway to located other 
potential water sources at or near "El Taymuco" creek and 
the "Tetacora" area, 20 km from the project.
Construction and equipment needed to supply water to 
the project site will consist of the following: (a)
capturing facilities in "Los Banos" (storage reservoirs and 
dikes), (b) 17,384 ft. of steel pipelines, (c) a pump 
station consisting of a reservoir and two pumps, (d)
1395 ft. of transfer pipeline between the pump station and a 
general storage tank, (e) 656 ft. of electric line to the 
pump station, and (f) a dike and reservoir, both constructed 
of stone and concrete. The dike will be furnished with a 
sink screen coupled to the reservoirs to allow flow by 
gravity. To transfer water from the "Los Banos" pump 
station to the project will require an 8-in. minimum
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diameter pipeline to conduct by gravity 5.49 gal/sec. 
However, considering the availability to Penoles of the 13- 
year old 6-in. diameter pipelines from the Reforma Mine, a 
double 6-in. diameter pipeline will be used to supply the 
required 5.9 gal/sec of water. In addition, a general 
storage and distribution tank is available at the Reforma 
Mine. It has a capacity of 129,000 gal.
ELECTRIC ENERGY SUPPLY
Gochico Project electricity requirements will be 
supplied by the Federal Council of electricity whose lines 
are available in San Bernardo, a distance of 8 km from the 
project. The following power lines are needed to distribute 
electricity.
San Bernardo to Processing Plant - This line will be 
installed by the Federal Council of electricity and will end 
by delivering energy to a 34.5 kv/480 v transformator<
Processing Plant Mine - This line is derived from the 
processing plant, it will have a length of 2,952 ft.




Existing roads will have to be improved with respect to 
their width; development of new ones will be required over a 
distance of 64 km.
LAND
All the land needed by the Gochico Project has been 
acquired. Processing plant, tailings pond, mine shops and 
offices will require a surface area of 50 acres and the town 
will require an additional area of 7 acres.
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PROJECT EVALUATION
In this section the cash flows expected from the 
project are developed with a brief discussion of the 
parameters involved in their calculation. The calculations 
are based on current Mexican tax law. Inflation factors 
were not applied to projected revenues or operating costs.
Table XVI summarizes the magnitude and timing of the 
annual cash flows during the preproduction period.
Similarly production cash flows are shown in Table XVII.
The following financial measurements were determined 
for the project:
a) Discounted Cash Flow Rate of Return.
b) Net Present Value using a discount rate of 18%.
c) Undiscounted Payback Period.
d) Wealth Growth Rate using a reinvestment rate of 
18%.
CAPITAL COST ESTIMATE
The capital cost estimate presented is a preliminary 
cost estimate and carries with it an assumed contingency of 
10%. Capital cost estimates were derived from a capital 
equipment list (Appendix A) and include appropriate 
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estimate is based on actual equipment selection from 
preliminary arrangements and preliminary layouts; process 
flow sheets are at the preliminary stage. Structures, 
buildings, utilities, process piping, and instrumentation 
capital cost estimates are based on historical data provided 
by the Penoles Accounting Department.
The capital cost for the proposed property is expressed 
in 1981 dollars and totals $17,482,318 U.S. dollars. Table 
XVIII shows the capital cost summary for the project and 
Appendix A contains specific elemental cost calculations for 
the capital cost estimate.
OPERATING COSTS
Direct operating costs were calculated based on metal­
lurgical investigation parameters, real mine data, wages and 
salaries (including benefits) and transportation from the 
Gochico Project to the Navojoa shipping station. Trans­
portation costs from the Navojoa shipping station to the 
smelter via railroad are included in the smelter schedule.
Indirect operating costs were calculated as a 
percentage of direct costs based on actual ratios experi­
enced in the various Penoles mines.
Table XIX shows an operating cost summary for the 
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elemental operating costs for the project. The cost 
elements utilized in this evaluation are in accordance with 
basic cost definitions established by Penoles.
The total (mining and milling) operating cost per ton 
milled during July, 1981 was $24.50. Estimates of the 
annual operating costs for the Gochico Project are as 
follows:
MILLED ANNUAL OPERATING
YEAR TONS $/TON MILLED COST ($)
1 0 0 0
2 183,400 $24.50 4,493,300
3 196,900 $24.50 4,824,050
4 180,000 $24.50 4,410,000
5 180,000 $24.50 4,410,000
6 180,000 $24.50 4,410,000
ORE AND CONCENTRATE PRODUCTION
The annual ore production estimates and the results of 
the metallurgical pilot plant testing program were the basis 
for the metallurgical balance calculations. A summary of 
annual ore production and concentrates derived therefrom are 
shown in Table XX.
CONCENTRATES SALES
It was assumed that the lead-zinc concentrates would be
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TABLE XX
ANNUAL ORE AND CONCENTRATE PRODUCTION
ORE PRODUCTION (Including dilution)
YEAR DRY TONS AG,OZ/TON ZN# Pbfc CUfo
1 45,000 5-85 9.6 0.65 0.38
2 163,400(*) 5-85 9.8 O .65 0.36
3 196,900 7-07 11.4 0.57 0.83
4 180,000 5.15 9.2 0.45 0.59
5 180,000 5-IS 9.2 0.45 0.59
6 180,000 5-18 9.2 0.45 0.59
(*) Ore from development and other preparation workings are 
included in year 2 ore production.
CONCENTRATES PRODUCTION
LEAD CONCENTRATES
YEAR DRY TONS AG,ZN/TON ZN # Pb % CU#
2(** ) 3,977 130 16 .2 7.8 2.3
3 5 , 624 134.4 14.3 8.5 4.2
4 3.832 130 14.2 7.8 3.4
5 3,832 130 14.2 7.8 3.4
6 3,832 130 14.2 7.8 3.4
ZINC CONCENTRATES
YEAR DRY TONS AG.ZN/TON ZN# Pb# CU#
2(** ) 21,248 1.93 0.2 53.6 0.3
3 35,414 1.93 0.2 53.6 0.3
4 26,104 1.93 0.2 53.6 0.3
5 26,104 1-93 0.2 53-6 0.3




YEAR DRY TONS AG,OZ/TON Pb# ZNfo cuf*
2 (**) 1.^33 95-18 2.4 11-3 22.1
3 4,643 86.24 2.3 11.8 23-1
4 3.017 86.24 2.4 11.3 23.1
5 3.017 86.24 2.4 U.3 23.1
6 3,017 86.24 2.4 11.3 23.1
( * * )  9 m o n th s  o f  p r o d u c t io n .
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sent to the Met-Mex Penoles smelter in Torreon and copper 
concentrates sent to the IMMSA smelter in San Luis Potosi 
and then to Cobre de Mexico for refining. The anticipated 
smelter schedule values are shown as follows:
CONCENTRATES ($/TON CONC.)* 
YEAR LEAD ZINC COPPER
2 1/186.61 116.98 822.09
3 1,186.61 116.98 822.09
4 1,186.61 116.98 822.09
5 1,186.61 116.98 822.09
6 1,186.61 116.98 822.09
(*) In accordance with existing contracts settled with Met- 
Mex and IMMSA smelters.
The following prices were considered in determining
the smelter schedule and settlements:
SILVER   d/lb____________________
YEAR d/TR OZ LEAD ZINC COPPER CADMIUM
2 1000.0 36.0 43.1 90.0 200.00
3 1000.0 36. 0 43.1 90.0 200.00
4 1000.0 36.0 43.1 90.0 200.00
5 1000.0 36.0 43.1 90.0 200.00
6 1000.0 36.0 43.1 90.0 200.00
ADMINISTRATION & GENERAL EXPENSES
It is a policy of Penoles to consider administration 
and general expenses as a separate line item in cash flows 
calculations, independent of operating costs.
Administration expenses were calculated at 4% of total sales
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and general expenses at 2% of total sales, A summary of 
these expenses is provided as follows:
TOTAL ADMINISTRATION GENERAL
YEAR SALES ($) EXPENSES ($) EXPENSES
1 0 0 0
2 8,382,794 335,312 167,656
3 14,633,189 585,328 292,664
4 10,080,982 403,239 201,620
5 10,080,982 403,239 201,620
6 10,080,982 403,239 201,620
DEPRECIATION
Depreciation can be defined as a deduction allowed in 
computing taxable income which reflects exhaustion, wear and 
tear, and obsolescence of property used in trade or business 
(after Gentry, 1979). The purpose of this tax deduction is 
to permit recovery of the cost of real or personal property 
through annual deductions over its life.
Under current Mexican law (Article 12, Section I), 
depreciation deductions are calculated using the straight- 
line method with the following criteria:
33% per year if 60-100% of the item was manufactured in 
Mexico;
20% per year if less than 60% of the item was manufactured 
in Mexico;
10% per year for office equipment; and
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3% per year for buildings.
Expenditures for road construction are expensed. Land is 
considered a capital item and cannot be depreciated.
A summary of the depreciation deductions is shown in 
the following Tables XXI and XXII.
AMORTIZATION
Amortization under current Mexican Mining law is 
defined as an approved tax deduction for certain special 
investments such as exploration and feasibility study 
expenses.
The purpose of this tax deduction is to permit recovery 
of the cost of exploration through annual deductions over 
the life of the mine (it is similar to straight line 
depreciation). For the Gochico Project the exploration 
expenses are recovered in five years as follows:
Annual amortization = 573^982* _ $314,796/year.
*From Penoles exploration department, zona norte.
WORKING CAPITAL
Penoles has the following policy associated with the 
allocation of working capital to projects.
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o ovr\ VO
w2
CM CM CM CM CMCv- Cv. Cv- CN- C^CO CO co co CO
CO CO 00 CO 00
ON ON ON ON ON
NO VO NO NO NO
Eh
8i-o OSo < 
os w  
a . x











HH CO CM CM CM CM a *
fa O  «H Cj' -S’ -3* -3* 0
W  HH » «
2  fa CV rH rH rH rH <
HH < rH CM CM CM CM

















h3 EHca o< Z
EH Q
w








W O  ^
Q
V T \ VP* V T \ vr\ va
CO MD VO V0 \0
va -3* -3- -=}*
CO CM CM W  N
O  'A rH rH t—I t—I.=*• a- o*- c*- r>-
o  o o o o  o
in >a  iri ia
CO \Q MO MO MD\A -=i* -3* -=t
























1) Accounts Receivable = 10 days of Total Sales 276,000
2) Inventories of Finished Products = 5 days of
Total Sales 138,000
3) Other Inventories = 1.5% of investment in 
first year plus 10 days of the total cost
that year = $270,000 + $121,000 391,000
LIABILITIES
4) Accounts Payable and Accrued Liabilities =
10 days of the total cost plus 10 days of
sales expenditures = $121,000 + $6,000 127,000
5) Interest = 1 month of financing expenses 270,000
6) Taxes = 2 months of federal income tax 4,000
TOTAL GOCHICO WORKING CAPITAL = $1,206,000
SUMMARY OF PROJECT EVALUATION
Considering 100% equity participation by Penoles, the 
following net cash flows were determined for the Gochico 
Project:









Using a minimum rate of return of 18% (Penoles cost of 
capital), the following financial measurements were 
determined:
Discounted Cash Flow Rate of Return (IRR): 6.2%
Net Present Value: $-4,219,,118
Payback Period (undiscounted): 5.32 years
Wealth Growth Rate: 6.27%
A summary of net present values of the project for











For this project, the evaluation criteria were 
determined using a cost of capital of 18%. The economic 
criteria developed show the property to be uneconomic at 
1981 costs and prices.
Based on a sensitivity analysis performed on geologic 
ore reserves - production level, price and operating cost 
parameters (See Figures 8, 9 and 10), the author suggests an 
extension of the original exploration program in order to 
reclassify the 1,412,200 tons of possible reserves to the 
level of probable reserves. As shown on Figure 8, at a pro­
duction- rate of 800 T.P.D. with a level of 1,301,000 tons of 
geologic ore reserves, the project starts to be economically 
viable at the 18% rate of return. This supports the posi­
tion that further drilling is required to increase the 
geologic ore reserves to the 1,301,000 ton level for project 
viability. The decision to proceed, defer, or reject the 
Gochico Project is ultimately the result of top management's 
judgment but the criteria developed in this study must be 
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SUBLEVEL LONGHOLE STOPING 
DEVELOPMENT COST SUMMARY RATES (July.1980)
Cost ($)/Feet
*(1).-10 ft X 10 ft Track-less Drift 99-91
*(2).-12 ft X 12 ft Ramp 101.45
*(3).-10 ft X 18 ft Sublevel 103.25
*(4).-10 ft X 10 ft Cross Cut 80.16
*(5).- 7 ft X 7 ft Slot Raise 115-46
*(6).- 5 ft Diameter Bored Ore Pass 77-14
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LAND HOLDINGS FOR GOCHICO PROJECT AS OF MAY,1981
SURFACE





El Carrizo 2 60
SOLICITANT -
El Carrizo 3 35
El Carrizo 6 30^
San Bernardo 12,626
San Bernardo 2 6,590
ANNUAL INVESTMENT:








CATEGORIES QUANTITY TOTAL(*)    ANNUAL($)
Manager 1 54,000
General superintendent 1 37 »125
Mine superintendent 1 28,418
Mill superintendent 1 28,4l8
Planning superintendent 1 28,418
Services superintendent - 1 29,700
Safety chief 1 20,655
Exploration superintendent 1 28,418
Medical services chief 1 21,128
General official 1 30,375
Mine superintendent assistant 1 18,360
Mill superintendent assistant 1 18,360
Services superintendent assistant 1 18,360
Industrial relations chief 1 23,625
Warehouse chief 1 13,163
Auxiliary medic 1 17,213
Dispatcher 1 7,965
Mechanic-electric shop chiefs 2 41,850
Warehouse auxiliary 1 9,315
Accountant 2 27,135
Cashier 1 11,003
Accountant auxiliary 1 10,125
Mine shift chief 3 35,640
Mill shift chief 3 35,640
Geologist 1 18,9°0
Surveyor 1 15,109
Radio operator 1 7,223
Cash paymaster l 9,180
Note'.Quantities are estimated in July, 1981 dollars
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OPERATING COSTS
























(*) Including 35% fringe benefits


















































Cost per ton milled:




CATEGORY QUANTITY SALARY (*) ANNUALTOTAL ($)
GENERAL OPERATOR
Drilling 14 6,572 92,001
Loading 6 6,572 39,432








Cost per ton milled*.
$ 338.514/year $ 1,88/ton
180,000 tons/year
























Dynamite 1750 Kg. 2.19 3.841
Anfo 3500 Kg. 0.39 1,375
Cord 4,500 Mts 0.11 514
Caps 800 units 0.09 75
Connectors 800 units 0.04 28
Primacord 4,500 Mts 0.27 1,224
DRILLING STEEL
Bits 5 205-33 1,027
Extension bar 5 540 2,730
Machine nipples 5 174.16 871
Bar couples 3 64 .92 195
Integral bars 5 140 700
Fuel & diesel 22,800 Lts 0.047 1,079
Special lubes 1,300 1.03 > 1,339 .
TOTAL 14,977
Cost per ton milled:
$ 14,977/Month = 0.998 $/Ton
15# OOOtons/Month
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truck 4 15.6 1, 100 17,160 68,640
Scooptram JJ-200 3 15-6 1, 208 18,845 56,535
Cavo 310 E 2 12 202 2,424 4,848
Jumbo MJM 20B 1 8 239 1,914 1,914
Cuagon drill 2 0.5 52 . 26 52 ...
TOTAL - 131,989
Cost per ton milled:









































































<3  6-i z  co 
z  o  
< ow33









O CN- CA 
ON CA On 
VA NO O





CO NO tH Cr’NN Ov H COCVJ NO tH CO
cn- co cvj on
co ao va ao 
CN. VA CO





Cn -  O n  t H
O  0 0  O  CN- o
O CA VA NO VA
VA Ov CA no O
O  ■d’
tH





O 00 O CA VA
O CA VA CA CVJ
VA On CA tH O






3  o  
c  o  3 m 
zZ  Cu
<  o
tH ON tH NO o o ON -d- O NO CA ON co
VA CVJ CVJ ON CA CO va tH O ON co CO o
NO CN- 00 CVJ tH VA CN. CA VA CO VA CO
A — — — m — — — — — — — —
CN- CN- tH CN- CVJ VA tH CA CVJ d- VA tH tH




< 1-03 <dCU >w
cc
CVJ CN- CA CN- ON O ON d- O CA Cn- CN. VAVA co oo oo CO d* VA O co NO CVJ
O n tH CVJ ao CA CN- Cn- CA VA VA On NO tH
CVJ CA CN- tH NO NO fH CA CVJ O n Cn. VA VA










23w cn ac 3
CVJ CVJ
L. £ -H 03 p
<u -P C Pt •H o e o o
CA CO
Li3Ico3cd£






tH o  UI O  P,m no e






a P o •Ho > ■Po CO cS cdo CO O E




CC o tH ac
H a CA HH
- 00 CO 1-3 h
bfl < 3<u eh carH O C<cI03
CO
CA H VA cvj
o <3 g OLi CO O-P Si CA-P o uO P. 3 CO a>c O E Pt•<H o 3 aj o2 CJ •r-j rH -p h3CO CO <CA 03 Eh -3H o O CJ o O <d- o CVJ cd o Eh Ehi CVJ 1 3 CA I O1 2 1 1 « Eh






OPERATING COSTS FOR THE 
CONCENTRATOR PLANT-LABOR
CATEGORY QUANTITY ANNUAL ANNUAL
PERCEPTION(♦) TOTAL
Process operator
Crushing 4 6,572 26,286
Grinding Sc
Flotation 10 6,572 65.715
General worker 2 5,3^0 10,68116 102,682
Cost per ton milled:
$ 102,682/Year = $ 0.57/Ton.
180,000 tons/year






ITEM ______  QUANTITY INTALLED - OPERATIVE KW-h/MONTH
Primary crusher 1 100 40 12,000
Vibrating feeder 
No 1 1 10 6 1,800
Secundary crusher 1 125 60 18,000
Terciary crusher 1 150 72 21 ,600
Vibrating feeder 
No 2 1 3 2 600
Vibrating screens 20 14 4, 200
Conveyor belt No 1 1 3 2 480
Conveyor belt No 2 1 10 8 1.920
Conveyor belt No 3 1 3 2 480
Conveyor belt No 4 1 10 8 1.920
Conveyor belt No 5 1 1-5 1 240
Conveyor belt No 6 1 5 4 960
Conveyor belt No 7 1 1.5 1 240
Conveyor belt No 8 1 10 8 1.920
Conveyor belt No 9 1 2 2 960
Conveyor belt No 10 1 1.5 1 480
Conveyor belt No 11 1 0.75 0.5 240
Conveyor belt No 12 1 0.75 0.5 240
Conveyor belt No 13 1 0.75 0 . 5 240
3all-mill 1 450 324 194,400
8' X 8' conditioner 
tank No 1 2 4o 26 15,600
6* X 6' conditioner 
tank No 2 1 10 6 3,600
5i' X 6 lime 
conditioner 2 6 4 2,400
DR-24 flotation 






ITEM_______ QUANTITY INTALLED OPERATIVE KW-h/MONTH
Suba-24 flotation 
cells 20 150 108 64,800
DR-30 flotation 
cells 12 150 108 64,800
SRL-C 8" X 6" 
pumps 2 80 29 17,400
2i" X 2" galigher 
pumps 3 15 11 6,600
SRL 5" X 4" pumps 2 40 15 9,000
SRL 2^” X 2"pumps 4 22.5 7 4,200
12* X 10* Thickener 2 3 2 1,200
30' X 10' thickener 1 3 2 1,200
2,500 CFM blower 1 50 36 21,600
1,750 CFM blower 1 20 14 8,400
CL-2003 vacuum pump 1 75 5^ 32,400
CL-403 vacuum pump 1 30 22 13,200
CL-702 vacuum pump 1 40 29 17,400
Samplers 6 3 2 1,200
6 ' X 10' drum 
filter 1 6.5 5 3,000
6 ' X 8 ' drum 
filter 1 3.5 3 1,300
*4•' X 4' drum 
filter 1 5 4 2,400
Reagent feeder 15 11 6,600
Plant air- 
conditioned cV 250
Plant lightening 30 30 9,000
Plant offices 1 50
TOTAL 629,220
Cost per ton milled = 629>220 kw-h/Month x $0 .033/kw-h  _15,000 tons/Month
Cost per ton milled = 1 ,14.0 $/ton
(*) Calculated
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OPERATING COSTS-CONCENTRATOR PLANT 
REAGENTS
$/TON
ITEM KG/TON $/KG MILLED
Zn SO^ O .550 0.58 0.32
AP-238 0.030 2.29 0.07
AP-*4-0*4- 0.008 2.13 0.02
NaCn 0.017 1.90 0.03
Xanthato-3^3 0.023 1.36 0.03
Teefroth "A" 0.008 1.89 0.02
Starch 0.096 0.5 0.05
Cu SOZ4. 0.675 0.76 0.51
CaO 1.500 0.03 0.0*4-
K2 CV2O7 0.*4-00 1.77 0.71
Caustic soda 0.02*4- 0.5*4- 0.01






























Vibratory Screen No 1 
1" mesh 3









6 ' X 10’









0 .350Kg/Ton 0 .9 2 $/Kg 
18 72 ,800Liners 
SUB-TOTALOTHERS. (.LUBES, OILS, WELDING, ETC) 15# 
Total cost per ton milled:
45.000
15.000
























WATER SUPPLY, MINE-MILL AND SERVICES
Two pumps, one in "stand-by" with 75 H.P. motors.
ELECTRICITY.-
75 H.P. X 0.8 = 60 KW.
60 KW X 0.8 X 20 Hrs/day X 25 Days/Month = 2^,000 KW-h/Month 
2^,000 KW-h/Month X 0.033 $/KW-h X 12 months/year = $ 9,600/year
LABOR.-Previously considered.
MATERIALS.-
Pump cost f.o.b.. mine = $ ^5»833
Operating life = 10 years
Spare parts s 60$ of original value
During 10 yearsi ^5i833 X 0,6/10 years = $2750/year
Lubes,graphite courdon.etc (2%) ---- 55/ye%T„
2805/year.
Cost per ton milled:

























































Cost per ton milled:




The cost of concentrate transportation from the concentrator 
plant to the Navojoa shipping station is estimated at $16.29/ton 
of concentrates including maneuvers (regular load tariff). The 
distance between the locations is 113 ton.
The transportation cost between the shiping station 
and the smelters is included in the specific smelter schedule for 
each concentrate.
Considering that the Gochico project will have a global concen­
tration ratio of 5*16 tons ore per ton of produced concentrate, 
the transportation cost per >ton milled would be:
$ 1629/ton conc./ 5*16 ton conc/milled ton = 3•16 $/ton.
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INDIRECT COSTS
Indirect costs include the following activities: town maintenance 
yards.hospitals,clinic,school,water town,electricity to town, 
service vehicles,club,guest home,home telephones,telegraph, 
disposal services,etc.
The following ratios of indirect cost : direct cost 
were taken from other Penoles mines:
COMPANY__________ % OVER DIRECT COST
La Campana ^1
La Negra 3^




Fluorita Rio Verde 29
AVERAGE 3^-9
Considering that Gochico Project will require a good air























Lubs & Accesories 0.15 ____




Water Supply 0•07 ____
SUB-TOTAL 0.08 0.77
Transportation 3•16
Total direct cost 12.25 5*50
Indirect cost
38^ over direct ^ ♦66 1 •09




























SUBLEVEL BLASTHOLE STOPING 
SAMPLE CALCULTATIONS (COST AS JULY 1981)
1) Rock bolt ground support @ 2 bolt/Ft or draft 
matted
2) 60 Lb rail installed complete
3) Drived by jackleg l-3/3in. bits - o ft round 
2 man crew
5) Advance per manshift = 2.0 Ft
6)_ Cycle time
8' X 9’ TRACKED DRIFT
CONDITIONS»




c) Ground supt. & service 2.0 Hrs.
d) Track Installation 2.0 Hrs.
e) Travel <St lunch 2. 5 Hrs .
12. 0 Hrs ./Cycle
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SUBLEVEL BLASTHOLE STOPING 
SAMPLE CALCULATIONS (COSTS AS JULY 1981)
8 ’ X 9' TRACKED.DRIFT
($) ($)COST LABOR SUPPLIES
a) Drill & Blast 8 8 .2 0 105.20
b) Muck Removal
5 manhours @ 1**.70 77*50
Mucker maint @ 21d/Ton X 35 7*35
Rail haul @ 30^/Ton X 35 l*+.70
c) Ground Support
** manhours @ 1**.70 58 .80
Bits steel & Mech, Maint @ 21
t/Ft X 72* 15.12
Rock bolts 6 ', 12 0 3-69 ^-35
Mats 2 ea @ 3 .7 8 7*58
d) Track Installation
** Manhours @ 1**.70 58.80
Supplies @ 6' X 26.98 _ ■ 161.88
e) Miscellaneous
Misc. labor,5 manhours @ 1**.70 73*50
**" pipe 6' @ 5*57 assembled 33-^3
2" pipe 6' @ 2.62 assembled 15-71
Vent Tubing **6.20
Small Tool & Misc. Supplies
6% labor = 0.06 X 350.57 , ______
TOTAL COST/6' 352.80 **72.51
COST/FT DRIFT 58.80 78.7 5
COST/FT DRIFT = 137-55
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SUBLEVEL BLASTHOLE STOPING 
SAMPLE CALCULATIONS (JULY, 1981) 
18* X 10* SUBLEVEL DEVELOPMENT
CONDITIONS
1.-2 Man crew, drill with Jumbo
2.-Muck with L.H.D.
3.-Ground Support rock bolts 
^.-Tons broken per blast
5* -Cycle
Drill & blast 3*5 Hrs.
Muck 3*0 Hrs.
Ground support 3*° Hrs. 





Drill & blast - 
Muck -
Labor,3 manhours @ 1^.70 
MTC & supplies, 3 Hr 4 2^,6^
Ground Support-
Labor,6 manhours @ 1^.70 88.20
Bits steel & MCK., 126' @ 0.21 
Rock bolts, 21 X 3.70 
Mats, 3 X 3.78
Miscellaneous -
Travel & lunch, b manhours, @ 1^.7058 .8 0
Small tools, etc., 6.% labor ______
TOTALS 296.39
TOTAL COST PER 7.6 Ft ADV. 78A.67
Cost/Ft ADV. $103.25
7.6 Ft. ADV.












SAMPLE CALCULATIONS (JULY, 1981)
Sublevel Blasthole Stoping 
Development Costs
10 ” ft by 10 - ft trackless heading 
CONDITIONS Trackless off the vein no timbered
1.- Round drilled with 2 jacklegs 1-3/8" bits .
2.- Drill 6,5 Ft and advance face 6 .0 Ft.
3.- 2 Man crew .
*+8 . 6 Tons broken per blast .
5.- Cycle times
a) Drill blast 3 .5 Hrs (Approx.)
b ) Muck removal
2cy rubber tired 2.5 Hrs.
c ) Ground support
1 RB/Ft adv. 1.0 Hrs.
d) Micellaneous
6 ' of *+" pipe,2"pipe 
vent bag





a ) Drill & Blast,7.0 
Manhours









6 Rockbolts® 3*7dollars 
2 Mats @ 3*78 dollars
d) Miscellaneous, 2
Manhours 29.^0
6' of 2" Pipe 9 2.62/Ft 
6' of V  Pipe 9 5.57/Ft 
6' of Vent Tube @ 7*7/Ft 
Small Tools & Misc. Supplies












GRAND TOTAL $ 575*01/6 ft or $ 9 5 .8^/ft
ER-2544 129
APPENDIX C
INFORMATION ABOUT WEALTH GROWTH RATE (WGR) 
INVESTMENT FINANCIAL MEASUREMENT.
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Given that the Mexican readers are not familiar with 
the Wealth Growth Rate (WGR) financial measurement, the fol­
lowing discussion on this investment criteria is taken from 
Gentry (1979)*
"In an attempt to overcome the drawbacks of the 
several existing capital investment financial measurements 
previously discussed, Berry (1972) developed a financial 
measurement which determines the average growth rate of the 
firm's accumulated wealth resulting from a capital project. 
The Wealth Growth Rate (WGR) is defined as that interest 
rate which will equate the future value of the capital in­
vestment with the future value of the cash flows resulting 
in exploiting the project (Berry, 1972), - 
"This techniques uses cash flows rather then profits and 
takes into account the time value of money. The time horizon 
for both future values is the termination date of the 
project. In other words, during the life of each project the 
WGR assumes that the firm's reinvestment rate for the 
projects being investigated will continue to the termination 
date of the longest lived alternative.
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"When calculating the WGR the normal procedure is to
determine the total capital investment at the begining of
the preproduction period. The annual cash flows occurring
prior to the end of the preproduction period are assumed to
be borrowed at the firm's cost of capital and therefore must
nbe multiplied by the appropiate 1/ (1 + r) factor. This 
procedure, in effect, recognizes that these funds (the 
capital expenditures) have an "opportunity cost" associated 
with their use, and this opportunity cost is the firm's cost 
of capital. The positive net cash flows subsequent to the 
investment (after the preproduction period) are compouned at 
the firm's reinvestment rate which is often considered to 
the firm's cost of capital. The WGR is then simply that rate, 
at which the total investment (as calculated at the begining 
of the preproduction period) has to grow in order to equal 
the future value of all subsequent reinvestment cash flows 
at termination of the project.
"The decision criterion for this techniques is that the 
project would be accepted ifrthe: WGR was equal to or-greater 
than the firm's target rate (which is generally the rein­
vestment rate) and rejected if below the target rate."
DECISION ANALYSIS OF 







In order to support the ten year mine production plan 
of Cia. Minera Autlan from the Tetzintla manganese deposits 
of the industrial area at Ayotetla, five mutually exclusive 
ore handling options are identified. They are evaluated 
using 24 decision variables in conjunction with the Kepner & 
Tregoe Decision Analysis Method.
A description and discussion of each option are 
developed. Capital and operating costs are calculated at 
the "order-of-magnitude" level using 1981 dollars.
Option No. 1, "Green Tree Tunnel," is the best ore 
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More than 29 million metric tons (mt) of proven 
reserves averaging 27% Mn and more than 1.5 billion mt of 
possible reserves of manganese carbonate ores in sedimentary 
marine deposits guarantee Cia Minera Autlan feed for its 
ferroalloy operations for many years. The company, formed 
in 1953, mines ore from open-pit and underground operations 
in the Molango district of Hidalgo, an area of spectacularly 
precipitous, densely vegetated mountains in the Sierra Madre 
Oriental between Mexico City and Tampico. The ore is 
converted to nodules of manganese oxide in a rotary kiln 
near the mines, and part of the nodules are shipped to 
Autlan's ferroalloy plants. There are two such plants in 
the state of Puebla; one at Tamos, Veracruz; one in Mobile, 
Alabama, in the US; and one, owned jointly with Hornos 
Electricos de Venezuela SA, at Puerto Ordaz, Venezuela. 
Autlan also markets nodules directly to consumers in Mexico 
and abroad.
In 1979,* Autlan's sales of ferroalloys rose to a record 
168,816 mt, up 22% from the previous year. Of this total,
62% was sold in the Mexican market and 38% was sold in the 
US, Venezuela, and Colombia. In the US, the company won a 
6.7% share of the market for silicomanganese. Autlan
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exported nodules produced at the Hidalgo operations to 
customers in the US, Japan, and France (Autlan 1979 Annual 
Report).
Autlan1s catalogue of ferroalloy products includes 
high-carbon ferromanganese in four grades, with FeMn 
contents from 72% through 80%? medium-carbon ferromanganese 
with a manganese content of 80-85%; silicomanganese; 
ferrosilicon 45-50% and 75%; high-carbon ferrochrome; and 
magnesium ferrosilicon in 5C and 9C grades.
A battery-grade ore is produced by Autlan at its 
Nonoalco mine in the Molango district, with a 1979 output of 
28,559 mt. In 1979, Autlan also formed an association with 
Matsushita Industrial Electric Co. Ltd. of Japan-Baterias 
Panasonic-Autlan SA de CV- to make batteries in Mexico in 
the future.
During the 1980s, Autlan is faced with the challenge of 
keeping pace with the rising demands of a rapidly growing 
Mexican steel industry, which is expected to increase its 
steel production from 7.1 million mt in 1979 to 20 million 
mt in 1990. The steel industry's ferroalloy requirements 
are expected to climb from 137,000 mtpy to 360,000 mtpy 
during the same period. To meet this demand, Autlan 
anticipates installation of a new rotary nodulizing kiln and 
the opening of new mines to feed it.
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CIA. MINERA AUTLAN OPERATIONS
Feed for the Aatlan rotary kiln is currently derived 
entirely from an open-pit operation and an underground mine 
located about 9 km from the furnace. These mines are based 
on ore occurring at the crest of and on the evenly plunging 
long limb of an asymetric anticline. In the pit area, ore 
originally occurred along a strike length of about 1 km, but 
only a distance of about 350 m is now being worked. The 
formation dips at 40°. The pit is worked in 3-m high 
benches at a 9:1 waste-to-ore ratio. The underground mine 
extracts ore from two longitudinal sublevels along the ore 
formation, with access to the underground workings gained 
through adits and ramps from the pit. About half the 
current mine production of 2,700 mtpd is gained from the pit 
and other half from underground (Figure 1).
For the pit, the equipment list includes two Atlas 
Copco Roc 810 track drills, three Cat 988-B loaders, one 
Michigan size loader, three Cat 773 and four Cat 969 rear- 
dump trucks, an explosives truck, a grader, a compactor, one 
Komatsu 155 tractor, two Cat D8 tractors, and one Cat D7 
tractor.
In the underground mine, drilling is accomplished with 
three Ingersoll Rand fan drills, one Tamrock and one Atlas 
Copco single-boom drill jumbos. Loading and haulage are
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accomplished with Wagner, Eimco, and Michigan load-haul-damp 
(LHD's) and low-profile trucks. Raise boring is performed 
with a Robbins 71R. Raises are now opened to 6-ft dia, but 
management anticipates purchase of an 8-ft dia. reaming head 
in the near future.
The efficient underground operation is worked by a 
total of 90 men (including personnel sick, absent, or on 
vacation) working six days per week, two shifts per day.
The total work force at the Autlan mines and processing 
operations, including administrative personnel for 
facilities at the town of Otongo, is 480 regular hourly 
workers and 270 professional staff.
In the underground mine, the vertical distance between 
sublevels is 12 m. Ore is extracted by sublevel retreat 
along the strike. Long-hole drilling in fans inclined 
upward 75° from the horizontal reaches a maximum length of 
20 m. The spacing between fans is 1.5 m. Below the 
production levels an exploration drift in ore is in progress 
that is expected to reach a length of 2% km during 1981.
Most of the ore is hauled by truck directly from the 
mine to the rotary kiln. However, if dilution is too great, 
it is processed through a small heavy-media plant to 
increase the grade to 27.5% Mn. Three crushing stages 
reduce the ore to minus h in. before it is fed to the rotary
ER-2544
kiln. The kiln is divided into four zones: preheat,
decomposition, calcining, and nodulizing. It is unique in 
processing this type of material and Autlan is seeking to 
market the technology.
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PURPOSE OF THE STUDY
The purpose of this study may be categorized as 
follows. Five different, mutually exclusive ore handling 
options are identified in subsequent sections of this 
report. Each option supports the ten-year mine production 
plan by delivering required manganese ore tonnages to 
Ayotetla from underground and open-pit sources. Decision 
analysis is needed to descriminate between options and to 
help select the most favorable options for subsequent 
detailed design and cost analyses.
Each option is considered to begin with blasted ore 
having been loaded into ore trucks at the mining face and to 
end with delivery to the secondary crushing station at 
Ayotetla. Comparisons are made from January, 1982 onward to 
encompass a 10-year mining production plan. At this stage 
comparisons are broad-based, and cost estimates are on the 
"order of magnitude" level. Experienced judgment is used in 
some instances in lieu of detailed site-specific 
calculations.
The study is developed in the following manner:
a) Development and description of the options identified: 
The options are described in detail for a later capital 
and operating cost estimate at the "order of magnitude"
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level.
b) Decision Analysis Criteria: Decision criteria are
listed along with the reasons for choosing them.
c) Evaluation of the Options: Decision analysis criteria
are applied to the ore handling options in order to 
arrive at a final ore handling option.
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ORE HANDLING OPTIONS-DESCRIPTION AND COST ESTIMATION
The five different, mutually exclusive ore handling 
options are briefly identified. Each of the five options 
supports the ten-year mine production plan by delivering 
required manganese ore tonnages to Ayotetla (industrial 
zone) from underground and open-pit sources. Each of the 
five options is considered to begin with blasted ore having 
been loaded into ore trucks at the mining face and to end 
with delivery to the secondary crushing station at Ayotetla.
Capital and operating costs are developed for each 
option in Appendix A. Comparisons are made from January, 
1982 onward to encompass a 10-year mining production plan.
At this stage comparisons are broad-based and cost estimates 
are on the "order of magnitude" level. Experienced judgment 
is used in some instances in lieu of detailed site-specific 
calculations.
DESCRIPTION OF OPTION NUMBER 1("GREEN TREE TUNNEL")
Ore is picked up from the sublevel faces by LHD units 
and hauled to ore passes located at 200-meter intervals. On 
the main levels the ore is collected from the ore passes and 
hauled by 25-ton dump trucks to the main ore passes (see 
Figures 2, 3, 4 and 5). These four ore passes connect to
ER-2544 10
Figure 2
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the crusher station which is on the 600 level and nouses a 
single 42-in. x 48-in. jaw crusher. The primary crushed ore 
is then transported by belt conveyor up a 17 percent incline 
to the surface and then onward to be dumped and stockpiled 
just above the industrial zone in the present dump area.
The new washing plant is located on surface at tne 
industrial zone and to the south of the power house. It, 
therefore, could handle ore from all sources. Comextetltlan 
ore is to be trucked to the main ore pass system and handled 
through the crusher and conveyor system.
This option requires serious consideration of the 
following factors.
1. The existing heavy media plant becomes redundant and 
must be relocated.
2. Problems with tunnel excavation are quite possible.
3. The set of four ore passes are included so that feed 
can be batched according to grade.
4. Ore pass maintenance could be a potential problem area.
DESCRIPTION OF OPTION NUMBER 2
A vertical shaft (located near the present heavy medium 
plant) from the surface to the 600 level is planned for 
hoisting ore and waste only. Transportation of personnel 
and materials would be via the present ramp system which
ER-2544 15
would be extended to the 600 level. Main haulage levels 
will be located at 100-meter vertical intervals with 
sublevels at 12-meter intervals. This is consistent with 
the present mine practice (see Figures 6, 7, 8, and 9).
Ore pass raises 2 m x 2 m (or bored 2 m in diameter) 
will be located in the footwall at 200-300 meter intervals. 
Crosscuts in each sublevel connect with the ore passes. A 
major ore pass system of four ore passes will be established 
near the shaft from the 1,000 level to a jaw crusher on the 
600 level. Sublevels do not connect with the major ore 
passes due to the shallow dip of the ore. Ore is 
transported from the working face to the sublevel ore pass 
system by 3.8 m LHD's.
On the main haulage, 23.5-ton dump trucks haul ore and 
waste from the ore passes to the major ore pass system. The 
ore is crushed on the 600 level and hoisted to the surface. 
The ore is then transported to a stockpile near the heavy 
medium plant by conveyor, front-end loaders or trucks.
A new wash plant will be located beside the present 
heavy medium plant. After processing the ore through the 
washing plant, the ore is transported to the industrial zone 
by an overland conveyor. This option requires the following 
considerations:





ROCK TO t?y 
30,000
.H .0. UNITS IN ST0PE5 STOCKPILES - SEGREGATED 
3T GRADE







2 2 . 5  TON H A U H 5E  TRUCKS
aiftS OR 
STOCKPILES 3 91 - 000 '0«SFOUR 2a 9 ORE 
PASS RAISES
A3* PAN FEEDER





stockpileFOUR STOCKPILES SEGREGATED ST GRADE
10 TON SKIPS
IlOO H.PJ HQIS-













































the main haulage levels are probably too large for tnis 
application.
2. Precise scheduling is required to avoid leaving level 
pillars which may not be fully recoverable.
3. Increased time for implementation due to additional 
shaft sinking requirements over options 3 and 4.
4. Reduction in operating the maintenance manpower 
requirements due to fewer truck drivers needed; also, 
four grizzly men plus two conveyor attendants are not 
needed as in option 3.
DESCRIPTION OF OPTION NUMBER 3
A vertical shaft (as opposed to an inclined shaft) from 
the surface, collared in the hanging wall and located so 
that it would intersect the ore-bearing horizon at about the 
800-meter elevation, was considered to be the best method of 
development for this option. The increased lateral de­
velopment will be partially offset by lower capital costs 
for shaft construction (400 meters vs 430 meters for the 
inclined shaft). The shaft is 12-ft in diameter.
Operating costs of a vertical shaft are generally lower 
due to the shorter hoisting distance and maintenance of 
ropes and conveyances are less than in an inclined shaft. 
Also, it is usually more difficult to set timber in an
<S S £ ° < £ » ® °  « « ”
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incline and maintenance can be a problem. Since the shaft 
will be sunk in apparently barren ground (see Figures 10,
11, 12 and 13), the requirements for a shaft pillar will not 
affect ore reserves.
Main haulage levels will be established, consistent 
with present mine practice, at 100-meter vertical intervals 
with sublevels at 12-meter intervals. Ore pass raises (2 m 
x 2 m) are driven in the footwall at 200-300 meter 
intervals. Crosscuts in each sublevel will intersect the 
ore passes.
Loading pockets are shown at each main haulage level; 
however, a major ore pass system from the 1000 level to the 
600 level may be a more attractive alternative. Ore and 
waste are transported from the working faces to the ore 
passes using 5 cu yd LHD units. On the main haulage levels 
transportation from the ore passes to the shaft pockets (or 
main ore passes) is accomplished by using 23.5-ton diesel 
dump trucks. The material is dumped on a 12-in. by 12-in. 
grizzly at the loading pocket.
A boom-mounted pneumatic breaker will be required at 
each grizzly. The sized material is hoisted to the surface 
in 9-ton skips. A storage bin beside the headframe will 
feed ore to a 42-in. conveyor for transportation to a 
stockpile at the washing plant. After processing the ore
ER-2544 22
Figure 10
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through the washing plant, the ore is transported to the 
industrial zone by an overland conveyor.
With this option the ventilation requirements when the 
mine is fully developed are approximately 250/000 cfm. In 
order to supply this volume of fresh air with a maximum 
velocity of 800 fpm in travel ways and 2000 fpm in the 
untraveled portions of the mine, it will be necessary to 
place a ventilation raise for fresh air near the ramp. This 
raise will have a diameter of approximately 1.4 meters.
This option (No. 3) also requires serious consideration of 
the following:
1. Ore shown below the 600 level is not considered in this 
option.
2. Ore from the Naopa and Acoxcatlan mines will have to be
transported further if washing is required.
3. Ore blending will be difficult using the loading
pockets. It would be Simpler to use major ore passes.
4. Ventilation requirements of 250/000 cfm requires an 
additional ventilation raise.
5. Level pillars required may not be fully recoverable 
unless precise scheduling is maintained.
6. Mine drainage is not considered.
7. Hoisting uncrushed ore may cause problems with hang-ups 
in loading pockets causing inefficient hoisting.
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8. Surge capacity in loading pockets is required.
9. With the short hauls on the main haulage levels, the 
23.5-ton dump trucks already in use at the mine may be 
too large for this application.
10. Very little proven reserves are avilable in the 
Comextetitlan area; additional exploration work is 
required before a decision is made to locate the shaft 
in this area.
11. Extra manpower is required for manning the grizzlies. 
Also additional capital expenditures for pneumatic 
breakers are necessary.
12. Multilevel hoisting requires a double-drum hoist; 
single level hoisting could use a Koepe hoist which has 
a lower operating cost.
13. Ore blending is a problem with this arrangement.
DESCRIPTION OF OPTION NUMBER 4
An internal vertical shaft located on the 1000 level at 
section 0 + 520 (see Figures 14, 15, 16 and 17) and ap­
proximately 100 meters west of the ore zone, will be sunk to 
the 600 level. The vertical shaft requires an additional 
380 meters of development as compared to an inclined shaft 
in the footwall; however, due to the shalow dip of the ore 
in this area the inclined shaft would be approximately
ER-2544 28
Figure lb
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100 meters longer than the vertical shaft. The generally 
lower operating and maintenance costs of a vertical shaft 
and the shorter shaft length makes this option more 
attractive. The shaft will be developed in the present ramp 
pillar.
All personnel and supplies will be transported on the 
ramp. The shaft is intended for use in hoisting ore and 
waste only. This option requires that the 1000 level, or 
possibly the 900 level, be maintained as the main transfer 
level. Ore from above the 1000 level is hauled on sublevels 
to ore passes at 200-300 meter intervals using LHD's or dump 
„ trucks. On the 1000 level, the material is hauled by dump 
truck, rail, or conveyor to the wash plant and stockpiled. 
Primary crushing of the ore from above the 1000 level will 
be performed at the washing plant. Ore from below the 1000 
level is transported from the faces by dump truck or LHD's 
to the ore passes located at 200-300 meter intervals. In 
the main haulage levels, located at 100-meter vertical 
intervals, ore and waste haulage is by dump truck to the 
main ore pass system which feeds a crusher on the 600 level. 
After crushing, the ore is hoisted to the 1000 level and 
transported to the stockpiles at the washing plant. After 
crushing and/or processing, the ore is transported to the 
industrial zone by a 42-in. overland conveyor.
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This option requires the following considerations:
1. Comextetitla ore would be delivered by truck to the 
crusher located at the washing plant,
2. Additional geological information is required to define 
the limits of the orebody at depth in the Comextetitla 
area before locating the shaft at 0 + 520.
3. The 1000 level and ramp will be the ventilation intake. 
The shaft and ramp can handle the required 250,000 cfm 
at reasonable velocities (less than 800 fpm); the 900 
level will serve as one exhaust. However, one 
additional exhaust raise will be required.
4. Four major ore passes are required to segregate the ore 
according to grade and washing requirements.
5. Ore pass maintenance may be a problem.
6. The main ore pass system may be moved to the south of 
the shaft to avoid interference with the ramp or the 
shaft and ore passes can be moved to 0 + 620.
7. Pillars required for the main haulage levels may be 
left behind unless a very strict mining schedule is 
followed which will restrict flexibility.
8. Centralizing the access and ore handling facilities and 
retreating towards them allows more flexibility in 
opening up more mining faces.
9. Considerable development time will be required to
ER-2544 34
establish the major ore pass system and to get the area 
below the 1000 level into production.
10. The two product sizes can be stored in the same 
stockpile and segregated by grade. A scalping screen 
or vibrating grizzly ahead of the crusher will direct 
the previously crushed ore to the washing plant or 
loadout as necessary.
11. The establishment of a washing plant near the 1000 
level portal makes the present plant redundant (similar 
for all other options except option 2 —  shaft to 
surface near heavy medium plant).
12. Pillars must be left to protect the 1000 haulage level 
(or 900 if this becomes the main haulage level). 
Recovery of the pillars above the levels can be 
accomplished provided the caved area above does not 
cause too much dilution.
13. Wear of the ore pass system may be a problem resulting 
in high- maintenance costs.
DESCRIPTION OF OPTION NUMBER 5
Ore is transported from the stopes and development 
faces by small dump trucks or LHD's. The ore is dumped into 
ore passes located at 200-300 meter intervals and later 
collected in larger trucks on the main haulage levels for
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haulage out on the 1000 or 900 level. The 900 level is 
connected to the surface in the vicinity of the plant site.
A ramp is located just beyond the northwesterly extent of 
the ore. This ramp may connect to the sublevels, though 
this is not essential.
Haulage to the surface becomes progressively tougher 
below the 900 level. The existing main ramp would be 
oriented northwestward to follow the plunge of the ore.
This ramp, together with the one nearer the plant site, 
would be established at section "A” (see Figures 18, 19, 20 
and 21). Washed and raw ore from Comextetitla and Tetzintla 
would be primary crushed at section "A" and transported by a 
42-in. overland conveyor to the industrial zone. The main 
storage would be at the industrial zone where Naopa and 
Aroxcatlan ore would be introduced into the system.
Ventilation will be furnished at depth by two ramps 
(fresh air) to the main haulage levels. Internal footwali 
raises will distribute the air into the sublevels where most 
will exhaust through the cave.
Drainage on the 1000 and 900 level will be accomplisned 
with sumps established at the ramps. Below the 900 level, 
drainage will be done with semi-permanent pumps set-up.
This option requires the following considerations:
1. The 800 and 900 levels could intersect the Comextetitla
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Figure 18
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pit. It may be possible to have the 900 level 
intersect the ultimate pit road and thus use this to 
haul ore up from underground. This might save 
development drifting if the timing can be appropriately 
sequenced.
2. The system has very little inherent storage in it until 
the primary crushing stage (ore pass storage is 
limited).
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CAPITAL AND OPERATING COST ESTIMATES
The estimation developed in Appendix A for capital and 
operating cost for each option is based on July, 1981 data 
provided by equipment and machinery manufacturers; wages and 
salaries' in addition to other cost items were provided oy 
Minera Autlan; estimates performed by the author appear 
under the column titled "Source of Estimate" with the 
capital letters "R.D." Some scheduling of capital 
disbursements has been done to ensure that options are 
compared on an equitable basis. All costs are in 1981 
dollars and equipment replacement has not been included on 
any of the options at this point. This will nave to be 
added when the options are compared in a more "detailed" or 
"definitive" cost estimation. A contingency of 25% was 
assumed for this level of cost estimate.
Table I shows the comparative capital costs for each 
option. As shown, option No. 3 as the least capital 
intensive. Table II shows the comparative operating costs 
of the five options, with option No. 3 again being the most 
viable. It is important to remember that costs commence at 
mine stopes and/or at open pits and excludes mining and 
ancillary items. The costs considered for the present 
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while the proposed system costs include loading by LHD's.
All costs from this point (nine stopes/open pits) are 
included up to the point of reclaiming material from the 
stockpile to feed the kiln at Ayotetla (secondary crushing 
excluded). The decision of using overland conveying for 
options 2, 3, 4 and 5 is based on the surface transportation 
cost comparison developed on Table III that shows overiand 
conveying as the most viable alternative to transport the 
ore which comes from open pit and underground mines from 
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Decision analysis criteria for choosing between the 
various options are listed below, along with the reasons for 
choosing them, and the "rules" under which they were 
applied.
MINIMUM NET PRESENT VALUE (N.P.V.)
This technique considers capital and operating costs as 
well as the time-value-of-money in one calculation. Cal­
culations are performed on a pre-tax basis (after tax cost 
savings are ignored at this point). Neither capital costs 
nor operating costs are inflated and the interest rate is 
assumed to be 18% per year. Comparisons are made over a 
10-year period starting from January, 1982. Given the fact 
that Minera Autlan is currently trucking the ore, it is 
assumed that trucking can continue to satisfy the required 
production requirements until one of the five options is 
commissioned.
MINIMUM FUTURE CAPITAL REQUIREMENTS
Any alternative requiring substantial amounts of on­
going capital after start-up is considered to incur a 
relative disadvantage since this future capital might be
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difficult to raise at reasonable costs if financial markets 
are not favorable.
If capital is required for extensions as contrasted 
with replacements, at any time after the estimated start-up 
date, point scores are reduced in proportion to the 
magnitude of the capital estimate (note that this criterion 
refers to the ability of raising capital and having to 
justify continuation of a scheme, and has little to do with 
profitability and NPV).
MINIMUM INFLATIONARY EFFECTS
The NPV calculation typically does not consider 
inflated operating costs. Nevertheless one must recognize 
the importance of inflation on operating costs and attempt 
to assess the inevitable impact —  at least in a qualitative 
sense. Minera Autlan's experience suggests that the two 
primary sources of operating cost inflation are labor and 
outside services. The proportion of system operating costs 
which is attributable to these two inflationary variables is 
estimated and quality points are awarded accordingly.
ENERGY EFFICIENCY
Even though Mexico is rather well endowed in regard to 
future oil and gas supplies, Compania Minera Autlan wishes
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to minimize energy consumption. The output from the present 
electric generating plant is fully committed and whichever 
alternative is adopted will require additional electric 
power.
Energy efficiency is approximately estimated by adding 
the anticipated installed horsepower for each scheme. Diesel 
engines are assigned a 50% penalty when compared to electric 
motors (i.e., one electric horsepower = lh diesel horse­
power) for purposes of qualification.
MAXIMUM RESALE VALUE
If the equipment employed in an option can be readily 
sold, the financial risks are somewhat less than if there is 
no resale value. The total resale potential of each scheme 
is estimated in present-day dollars. Resale potential is 
taken to be equal to the undepreciated value for mobile 
equipment, one-quarter for stationary equipment, -and zero 
for the balance of the capital.
Ore handling options with the highest potential resale 
value are preferred.
USE READILY AVAILABLE, FAMILIAR EQUIPMENT
Options avoiding sophisticated equipment or controls 
are considered to have a relative advantage. Equipment
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currently in use in Hidalgo or Mexico is also preferable. 
This criterion refers to spare parts availability and 
technical assistance. Labor skills and training re­
quirements are considered separately.
Qualitative estimates of sophistication, spare parts 
requirements and system reliability are used to assess the 
options available.
CONSTRUCTION TIME
In order to aid production increases, cut costs and 
minimize inflationary impacts, the sooner the selected 
option can be implemented the better. In all cases it is 
assumed that all required site investigations, laboratory 
work., detailed design, detailed costing, and decision-making 
will be completed in 1981. Contractor mobilization and 
other tangible field work will begin in January, 1982.
PRODUCTION INTERRUPTIONS
As the selected option is being constructed, it should 
interfere with regular mine production as little as 
possible. Options are scrutinized to ascertain the impact 
they will have on mine production. Production stoppages of 
more than one day are counted against the option being 
evaluated.
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MINIMIZE LAND ACQUISITION REQUIREMENTS
Negotiations may be protracted, especially near the 
industrial zone, and could easily delay project start-up.
The actual costs of land acquisition are undeterminable at 
this time.
Options are compared qualitatively for the land needed 
in addition to that already controlled by Minera Autlan.
Land for tailings disposal is ignored in the decision 
analysis since it will be the same for each option.
SERVE THE MAXIMUM NUMBER OF DEPOSITS
In order to prolong the useful life of a selected 
option, it ought to be applicable to mining changes after 
that now planned. To provide maximum flexibility, it should 
be possible to change mine plans and substitute production 
from one deposit for another. Options are scored with 
reference to their ability to deal with ore from Tetzintla 
(underground), Comextetitlan (open-pit and underground), 
Acoxcatlan and Tlaltepingo (open pit), and Rayovac as well 
as ore delivered from neighboring mines.
CAPACITY VARIATIONS
If product or mining plans change, it should be 
feasible to increase system throughput without having to
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launch a major new investment program. For example,
*
conveyor belts and shaft hoists might be speeded up or extra 
operating shifts could be scheduled. For example, it might 
be impossible to increase production from a truck fleet or a 
tramway if these systems are already limited by rope 
tensions or haul roads are congested. The ability to alter 
system capacity is assessed qualitatively from experience 
with reference to the major equipment items and associated 
infrastructure.
SKILLS REQUIREMENT
The preferred options call for few new skills among 
operators, engineers, or supervisors. Similarly management 
and supervisory jobs should not increase in complexity.
Skills requirements are assessed qualitatively taking into 
account particular maintenance skills, the number of trained 
operators required, and the design and construction 
complexity of the project.
SAFETY
Qualitative comparisons of options consider accident 
potential from hazards such as trucks operating in 
restricted spaces, equipment failures, ore pass hang-ups 




Minera Autlan wishes to avoid relying oh other organ­
izations or individuals who are not Minera Autlan employees. 
Therefore options which rely heavily on contracted services 
in the operational phase are penalized. (It is assumed that 
all initial major construction will be contracted.)
RISK
Sources of risk include uncertainties during construc­
tion (ground conditions, water, etc.), extended construction 
schedule vulnerability to cost overruns, unfamiliar 
equipment, sophisticated designs with low margins for error, 
and "Acts of God." Once the option is operational risks 
from these sources are qualitatively estimated and compared.
ENVIRONMENTAL CONSIDERATIONS
The preferred option should have minimal impact on the 
environment. Potentially detrimental effects include noise 
and dust (in the working environment and on surface), 
subsidence, and mine water drainage disposal into water 
courses which are now clean. Conveyors or tramways would 
curtail public access to villages and fields; congested haul
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roads could result in objections from citizens for safety 
reasons.
Qualitative estimates of relative environmental impacts 
are used to assess the available options.
WEATHER CONSIDERATIONS
Systems not vulnerable to heavy rain or fog are pre­
ferred.
MINIMUM IMPACT ON OTHER OPERATIONS
If the transportation system breaks down, it must have 
minimal impact on mine production or kiln operations. 
Normally such effects can be minimized by providing adequate 
surge capacity at strategic points along the system. Surge 
may be restricted, however, by topography or the cost of 
construction. This consideration, as well as the 
interdependence of the various system components, is 
assessed. For example if the transportation system incurs a 
break down, can trucks serve as an alternative means of 
transportation; are the loading points accessible; can ore 
be switched from one washing plant to the other, etc.?
QUALITY CONTROL
Minera Autlan now segregates four classes of ore and
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batch-blends them after secondary crashing before feeding 
the kiln. Neither existing nor metallurgical operations 
will be modified; therefore, each system option must handle 
batches of segregated ore. The ease with which this 
batching of ore is achieved is assessed qualitatively.
TLALTEPINGO RIVER CONTAMINATION
The town of Otongo draws its potable water from the 
Tlaltepingo River. If a washing plant is located at the 
industrial zone (or at Acoxcatlan), it is assumed that 
process and tailings water will be discharged into this 
river. At present drainage water from underground oper­
ations is also assumed to be contaminated (although it may 
in fact be the opposite). Drainage into the Tetzintla 
valley water system is highly undesirable.
MINIMIZE DEMANDS OF SCARCE RESOURCES DURING CONSTRUCTION
Construction contractors must be independent of Minera 
Autlan regular operations. Options involving competition 
for scarce land, water, electricity, crushed rock, etc., are 
viewed with disfavor.
MAXIMIZE MULTIPURPOSE USE
Because of the capital intensity of the various
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options, Minera Autlan should be assured that, if possible, 
such investment will benefit the mine or plant in several 
ways (i.e., contributing to ventilation, man access, mine 
drainage, etc.). Options assisting in mine development are 
preferred.
EASE OF CONSTRUCTION
The inclined belt conveyor tunnel option poses 
particular problems in terms of alignment. It is over 2 km 
long and must be connected with mine workings some 400 m 
above the crushing station. Very precise survey control and 
raise borer alignments are essential. In addition, 
ventilation (and possible drainage) of such a tunnel during 
construction will be difficult. Constructing and supplying, 
shafts and belt conveyors in steep terrain is in itself a 
complex undertaking. Construction problems are assessed 
qualitatively and points awarded accordingly.
EXPLORATION AND ACCESS
Options traversing or in proximity to suspected ore 
locations are preferable. This factor is assessed 
qualitatively in the decision analysis.
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EVALUATION OF THE OPTIONS
The process of evaluating the five ore handling options 
is performed in order to make a logical and consistent 
decision. The Kepner and Tregoe Decision Analysis (1959) 
was used for this study. This analysis consists of the 
construction of a worksheet in which the various factors or 
objectives are listed in a column containing their com­
parative values. This value assigned to each objective 
attempts to measure the repercussion or "degree of indirect 
effect" of each of the factors? in this particular situation 
a maximum value of 50 points can be awarded to each factor. 
The 24 factors in consideration were evaluated, ranked or 
"weighted" by the general manager of engineering services of 
Minera Autlan His subjective weightings were based on 
experience and judgment.
After a comparative value is assigned to each of the 
factors, the alternatives or options are scored individually 
taking into consideration the decision analysis criteria 
previously developed. The scoring procedure consists of 
awarding points from 5 to 10, depending on whether one is 
trying to minimize or maximize a given factor. An example 
of this procedure is illustrated on Figure No. 22 in which 
Factor 1 (Net Present Value) is desirable to be minimized,
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then 10 points are awarded to Option No, 3 because 
$19,179,796 is the minimum value among the five options. In 
the other hand, Option No. 2 with a net present value of 
$23,282,005 is awarded with 5 points because this option has 
the maximum net present value among the five options under 
comparison. The intermediate options between these values 
are awarded accordingly to its value by linear interpo­
lation.
Figure 22
GRAPHIC DESCRIPTION OF THE SCORING PROCEDURE
FACTOR: Minimum Net Present Value 
Weight:50
SCORE: 5 6 7 8
OPTION No3 
$ 1 9 1 7 9 7 9 6
N.P-V.: OPTION No2 OPTION N o t  
$2 0 9 9 4 8 4 7  (5 $19807,780$23282,005 $20,391,018
SCORE'. 5
WEIGHTED 250  
SCORE
After the scoring of each of the options is completed, 
the next step is to get a "weighted score." This is 
accomplished by simply multiplying the weight (or com­
parative value) of the factors under consideration times the
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score of the options; therefore, it is possible to evaluate 
the options against the objectives or factors in the same 
units.
The final answer is achieved by adding the "weighted 
scores" of each option (shown as columns in the worksneet). 
The scoring of the 24 factors is developed in Table IV and
the results summarized. As shown in Table IV, Option No. 1,
"The Green Tunnel," seems to be the most viable ore handling 
option to be followed by MineAra Autlan given its "highest 
comparative value.” The scoring operations of the 24 factor
involved in the decision analysis is developed in the next
pages where the final answer is the weighted score.
RBTHUR LAKES UMlABY
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SCORING OPERATIONS
FACTOR 1.- MINIMUM PRESENT VALUE WEIGHTED
OPTION PRESENT VALUE @ 18# SCORE SCORE
1 $ 20,994,847 7 •8 ■ 390
2 $ 23,282,005 5-0 250
3 $ 19,179.796 10.0 500
4 $ 19,807,780 9-2 460
5 $ 2 0,391 ,018 8 .5 425
Weight = 50
FACTOR 2 MINIMUM FUTURE CAPITAL REQUIREMENTS
WEIGHTED
OPTION . CAPITAL REQUIRED 1981 DOLLARS SCORE s c o e:
1 18,8 7 6,^80 7.^ 185
2 19.878.-690 6.4 .160
3 16,32^,150 10.0 250
.17,632,210 6 .7 218
5 2 1,203 ,300 5 .0 125
Weight = 25
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OPTION DIRECT COST SCORE
1 35.055 10 .0
2 37.0$ 8.5




COST OF OUTSIDE 
SERVICES AS % OF
TOTAL COST OF
CONSTRUCTION SCORE




46 . 555 10.0
(1 + 2 )
COMBINED FINAL WEIGHTED
OPTION SCORE SCORE SCORE
1 15.0 8.2 164
2 13.6 10 200
3 17 .5 5 . 100
4 13.7 9-9 198
5 15.0 8 .2 164
Weight = 20
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FACTOR 5.- MAXIMUM RESALE VALUE
Salvage value ( 1981 dollars) at the end of 1991
OPTION MOBILE EQUIPMENT FIXED EQUIPMENT TOTAL
1 204,292 1,082,250 1,286,542
2 257,500 1,095,000 1,352,500
3 245,600 1,046,000 1,291,600
4 336,000 1,175,000 1,511,000







1 6 .8 10.0
2 6.8 10.0 50
3 7.9 6.9 35
4 8 .6- 5.0 25
5 8.0 6.7 34
Weight - 5
ER-2544











1 yes = 10 .0 90% =10.0 Local 10.0
2 Partially = 5*0 80% = 8 .9 Combined 8.0
3 Partially = 5*0 80$ = 8 .9 Combined 8.0
k Partially = 5*0 80% = 8 .9 Combined 8.0







1 Available 10.0 LO.O
2 ' Semi-available 7.0 28.9
3 Semi-available 7 .0 28.9
Semi-available 7.0 28.9






1 ^0 .0 10 .0 300
2 28.9 5.0 150
3 28.9 5.0 150
k 28.9 5.0 150
5 3 2 .2 6.5 195
Weight = 30
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FACTOR 7 . CONSTRUCTION TIME
START-UP WEIGHTED
OPTION DATE SCORE SCORE
1 January-1987 10 ^00
2 January-1987 10 ^00
3 January-1990 5 200
k January-1990 5 200
5 January-1990 5 200
Weight = ^0



























FACTOR 9.- MINIMIZE LAND ACQUISITION REQUIREMENTS
LAND ACQUISITION WEIGHTED
OPTION REQUIREMENTS (ACRES) SCORE SC ORE
1 9.0 5.0 50
2 6.5 10.0 100
3 7.2 8.5 c6
k 7.2 8.6 86
5 7.0 9.0 90
Weight = 10
FACTOR 10.-' SERVE THE MAXIMUM NUMBER OF DEPOSITS
 DEPOSITS SERVED______________________
OPTION TETZINTLAl TETZINTLA^ COMEXTETITLA ACOXCATLAN TLATSPINC-
1 10 0 0 10 10
2 10 10 10 0 0
3 10 10 10 0 0
4- 10 10 10 0 c
5 io io io io io
NUMBER OF WEIGHTED
OPTION DEPOSITS SERVED X 10 SCORE ' SCORE
1 30 5 25
2 30 5 25
3 30 5 25
4 30 5 25
5 50 io 50
Weight = 5
ER-2544
FACTOR 11.- CAPACITY VARIATIONS
ABILITY TO ALTER WEIGHTED
OPTION SYSTEM CAPACITY SCORE SCORE
1 9055 10 200
2 85# 8.8 176
3 80% 7-5 15°
4 70$ 5 100
5 S59S 8.8 176
Weight = 20
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FACTOR 12.- SKILLS REQUIREMENTS
(1) (2)
PORTABILITY OF NUMBER 
MAINTENANCE OF TRAINED
OPTION SKILLS_________  OPERATORS
1 Easy 90% ^5
2 70% 51
3 Difficult 70% 66
k 70% 63
5 Medium 80% 60
































1 90 fo 55 ^9.5
2 Q5f° 61 51.9
3 70fo 76 53.2
L 75fo 73 5^.8






1 ^9.5 7.2 72
2 .51.9 8.5 85
3 53.2 9.1 91
54.8 10 100
' 5 4 5 .5 5 50
(*) factor = (1) (2 ) (3 )
Weight = 10
FACTOR 1^.- INDEPENDENT OPERATION
OPTION




1 0 10 300
2 0 10 300
3 0 10 300
k 0 10 300









COST OVERRUN SC ORE
1 700 5.0 200 10.0
2 60 0 7-5 200 10 .0
3 500 10.0 30fo 5.0
4 600 7.5 30# 5.0








LOW MARGINS FOR 
ERROR SCORE
1 40 0 7.5 eof 5.0
2 60 fo 5.0 600 6 .7
3 60 fo 5.0 500 r*‘ • D
4 6 Of 5.0 600 6.7






SCORE . . SCORE
WEIGHTED
SCORE
1 SOfo 5.0 32.5 5.2 •156
2 65?o 7.5 3 6 .7 6. k 192
3 50fo 10.0 37.5 6.6 198
k 65f° 7 .5 31.7 5.0 150
5 50?° 20.0 5 0 .0 10.0 300
Weight = 30




























































W e i g h t  = 10
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WASHING PLANT WASHING PLANT WASHING PLANT 
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(**) No discharge into river 

























1 50 95 90
2 100 80 80
3 85 80 70
4 85 80 80








1 10 245 10.0 200
2 10 27 0 5 .0 100
3 20 256 7.3 156
4 15 261 6 .8 136
5 5 245 10.0 200 .
Weight = 20










1 9 10 10 7
2 3 9 8 10
3 8 10 10 7
4 10 10 9 10





























FACTOR 23.- EASE OF CONSTRUCTION
DIFFICULTY OF CONSTRUCTION 

































































The Kepner and Tregoe Decision Analysis Method 
utilizing comparative point values indicates that Option 
No. 1 (The Gree Tree Tunnel) is the preferred ore handling 
alternative of those considered (Table IV). It must be 
emphasized that this analysis is based on an "order of 
magnitude" approach; nonetheless, the analysis procedure 
suggests that Minera Autlan should seriously consider Option 
No. 1 for detailed analysis.
It is beyond the scope of this study to discuss the 
reliability of the quantifications system considered by 
Kepner and Tregoe; nevertheless, the author strongly 
believes that at the "order of magnitude" level of cost 
estimation this technique is valuable (from an engineering 
and management point of view). When performing this initial 
type of alternative or option selection, time, available 
information and money are rarely sufficient available to 
conduct a detailed analysis. Thus, there is an under­
standable justification for using "quick and cheap" 




Kepner and Tregoe. The Rational Manager - McGraw-Hill Book 
Company, New York, 1959.




CAPITAL COST ESTIMATE AND 
ANNUAL OPERATING COST COMPILATION FOR 
TET2INTLA-AYOTETLA ORE HANDLING OPTIONS
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